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CHAPTER I. GENERAL INTRODUCTION 
 
"Teaching" has long been identified as a complicated matter (Mishra, Spiro, & Feltovich, 
1996; Spiro & Jehng, 1990). Numerous measures and studies have investigated the 
characteristics of good teaching (Kember et al., 2001; Lee et al., 2015; Ramsden, 1991). 
Discussions about what a teacher education program can do to successfully prepare teachers to 
teach in classrooms has been an ongoing topic. The early history of teacher education was 
primarily focused on teachers’ knowledge of subject matter content (Shulman, 1986). However, 
the focus later shifted to the effectiveness of general pedagogical methods independent of subject 
matter content (Cochran, Deruiter, & King, 1993). It was not until the late 80’s when people 
started to realize the importance of both teachers’ pedagogical knowledge and teachers’ subject 
matter (content) knowledge and that both were necessary components to good teaching and 
student understanding (Doyle, 1986; Feiman-Nemser & Buchmann, 1987).  
With this recognition of a teacher’s pedagogical knowledge and subject matter (content) 
knowledge, Shulman (1986, 1987) suggested the concept of pedagogical content knowledge. At 
the time, this represented a new perspective that contributed to our understanding of teaching and 
learning. Based on Shulman’s (1986, 1987) definition of pedagogical content knowledge, this 
knowledge base represents how teachers relate their pedagogical knowledge to their content 
knowledge for teaching specific students in a school context. Grossman (1990) also defines the 
knowledge bases for teaching and their interrelationships as the following: “four general areas of 
teacher knowledge….as the cornerstones of the emerging work on professional knowledge for 
teaching: general pedagogical knowledge, subject matter knowledge, pedagogical content 
knowledge, and knowledge of context” (p. 5). Out of the knowledge bases defined, pedagogical 
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content knowledge (PCK) was anticipated to have the most impact on teachers’ actions in 
classroom settings. While we know that effective teaching depends on flexible access to well-
integrated knowledge from different domains, knowledge of technology has yet emerged as 
another knowledge domain that requires further attention (Koehler & Mishra, 2009).  
 
Problem Statement 
 As the result of recognizing the importance of further developing technology knowledge 
in teachers, teacher preparation programs started to design and teach curriculum with the focus 
on preparing teachers to use technology in classrooms. Traditionally, most teacher preparation 
programs offer a stand-alone educational technology course as a part of the preservice teachers’ 
professional program (Kleiner, Thomas, Lewis, & Greene, 2007; Lambert & Gong, 2010) to 
fulfill any stated technology requirements. While these educational technology courses typically 
help increase preservice teachers’ confidence in using technology, they sometimes fall short in 
promoting the meaningful use and integration of technology integration into preservice teachers’ 
teaching practices (Wachira & Keengwe, 2011).  
In order to address the concern of promoting meaningful technology integration within a 
teacher preparation program, many researchers agreed that technology training for preservice 
teachers should be an integrated process that occurs throughout the entire teacher education 
program (Angeli & Valanides, 2009; Hughes, 2013; Tondeur et al., 2012). To better facilitate the 
integration process, Mishra and Koehler (2006) developed a conceptual framework called 
Technological Pedagogical Content Knowledge (TPACK). This framework emphasizes how 
technology knowledge, pedagogical knowledge, and content knowledge interact to enhance 
discipline specific technology learning experiences. Ever since the establishment of TPACK, 
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numerous researchers have developed related curriculum, texts, professional development 
modules, and advancements that complement the framework (Archambault, 2016). Recently, 
research in this area has shifted its focus to using various measurement methodologies to 
determine teachers’ development of TPACK.   
 Based on research methodology categories proposed by Gall, Gall, and Borg (2007), five 
types of TPACK measurements were identified. These measurements include 1) self-report 
measures (e.g., Archambault & Crippen, 2009; Lee & Tsai, 2010; Schmidt et al., 2009) that 
focus on survey development, 2) performance assessment rubrics (e.g., Angeli & Valanides, 
2009; Harris, Grandgenett, & Hofer, 2010) that focus on analyzing teachers’ lesson plans; 3) 
open-ended questionnaires (e.g. Robertshaw & Gillam, 2010; So & Kim, 2009) that gather 
teachers’ written responses to pre-developed questions included in a questionnaire or survey; 4) 
interviews (e.g., Harris et al., 2012; Mishra, Peruski, & Koehler, 2007; Ozgun-Koca, 2009)  that 
focus on collecting information using a list of various questions; and observations (Hofer, 
Grandgenett, Harris, & Swan, 2011; Koehler, Mishra, & Yahya, 2007) that investigate teachers’ 
teaching performances during classroom settings. 
 While more and more researchers developed instruments to measure teachers’ TPACK 
development, most studies were designed to investigate a single scenario or course. Only limited 
studies (Bate, Day, & Macnish, 2013; Hofer & Grandgenett, 2012; Schmidt et al., 2009) 
addressed the intention of extending the research conducted into a longitudinal investigation in 
which teachers’ TPACK development could be examined while completing their preparation 
program. Chai, Koh and Tsai (2010) also stressed the need and the importance of research to 
further investigate the development of TPACK using longitudinal data over time. Therefore, it 
seems worthwhile to explore the potential of collecting data over a longer period of time to 
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specifically examine how preservice teachers are developing TPACK during their teacher 
preparation program.  
 
Organization of the Dissertation 
 
 This dissertation investigates whether preservice teachers majoring in elementary 
education or early childhood education, in the context of a teacher preparation program at a 
higher education institution, develop technological pedagogical content knowledge (TPACK) 
with the goal of having the capacity to successfully integrate technology while planning 
instruction and teaching in PreK-6 classrooms. The dissertation is presented in a non-traditional 
format including an introduction, three manuscripts prepared for journal publication, and a 
concluding chapter.  
 
Chapter 1: General Introduction 
 This first chapter introduces the research topic, presents the statement of the problem 
investigated, outlines the main purpose of the dissertation and describes the organization of the 
dissertation chapters. 
 
Chapter 2: Preservice Teachers’ TPACK Development: A Review of TPACK Literature 
 This article represents the literature review section of a traditional dissertation. It includes 
a review and critique of 88 articles between 2006 to 2015 with a focus specifically on research 
related to preservice teachers’ development of TPACK. Building upon Shulman’s (1986) 
pedagogical content knowledge and other prior research studies, Mishra and Koehler (2006) 
explicitly designed a conceptual framework called TPACK that includes technology as a third 
domain of knowledge, along with content and pedagogy. Based on the analysis of the literature, 
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this article examines the development of the TPACK framework with a specific focus on 
assessing preservice teachers’ TPACK development via five different research methods (self-
report, open-ended questionnaire, performance assessment, interview, and observation). Two 
themes were found from the analysis results revealing the importance of technology integration 
modeling and the challenges of observing integrated knowledge domains (TCK, TPK).  
 
Chapter 3: Examination of Preservice Teachers’ Development of Technological 
Pedagogical Content Knowledge (TPACK) After Completion of Content Methodology 
Courses 
 This article examines preK-6 preservice teachers’ development of technological 
pedagogical content knowledge (TPACK) through triangulated assessments (i.e., survey, 
interviews and open-ended questions) after completion of a series of required content 
methodology courses (required in literacy, math, social studies, and science). Data were collected 
at multiple times during the teacher preparation program: 1) prior to taking the required 
instructional technology class, 2) immediately after completing the required instructional 
technology class, and 3) after completing the required content methodology courses. Findings 
suggest that the methodology courses play a critical role in developing preservice teachers’ 
knowledge in content and pedagogy. Yet, lack of support for technology integration in actual 
classrooms may result in preservice teachers’ decrease of technology knowledge (TK), 
technology content knowledge (TCK) and TPACK domains. 
 
Chapter 4: A PreK-6 Preservice Teacher’s Journey to TPACK: A Case Study 
 This case study investigates how prepared a preservice teacher was to use technology 
within literacy content instruction during a practicum experience. Data were collected in Spring 
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semester 2015 from one preservice teacher including survey responses from three data collection 
points, practicum classroom observations, and a follow-up interview. Findings revealed the 
preservice teacher was able to successfully integrate technology in her teaching during her 
practicum experience that demonstrated characteristics from all seven TPACK domains. 
However, it was possible that modeling from course instructors or supervising teachers and 
course content consistency might play an important role in preservice teachers’ TPACK 
development.  
 
Chapter 5: Synthesis and Recommendations 
 The final chapter of this dissertation summarizes the findings of Chapter 2, 3, and 4 and 
presents recommendations for research and practical implications in the field of preservice 
teachers’ TPACK development. Potential limitations are also addressed in applying the 
alternative views proposed in the articles.  
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CHAPTER 2. PRESERVICE TEACHERS’ TPACK DEVELOPMENT: A REVIEW OF 
TPACK LITERATURE 
A paper to be submitted to Journal of Digital Learning in Teacher Education 
Wei Wang 
 
ABSTRACT 
Building upon Shulman’s (1986) pedagogical content knowledge and other prior research 
studies, Mishra and Koehler (2006) explicitly designed a framework called TPACK that includes 
technology as a third domain of knowledge, along with content and pedagogy. This literature 
review examines the development of the TPACK framework with a specific focus on assessing 
preservice teachers’ TPACK development via five different research methods (self-report, open-
ended questionnaire, performance assessment, interview, and observation). A discussion of 
common themes along with limitations and future directions is provided.  
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Introduction 
While researchers state that technology has become one of the essential components of 
teaching (Koehler & Mishra, 2009), there are still concerns that teachers do not have enough 
knowledge about and opportunities to use technology in their classrooms (U.S. Department of 
Education, 2010). Although teacher education programs recognize the importance of technology 
integration, these same programs have struggled to find effective program-level and 
instructional-level strategies that adequately prepare preservice teachers to integrate technology 
in their future classrooms (Goktas, Yildirim, & Yildirim, 2008). Typically, teacher preparation 
programs have required preservice teachers to enroll in one course that focuses on learning about 
technology (Beck & Wynn, 1998; Gronseth et al., 2010), while others have attempted to infuse 
technology into other education courses such as educational psychology or teaching methods 
(Wetzel, Foulger, Buss & Lindsey, 2014; Willis & Mehlinger, 1996). Thus, preservice teachers 
are expected to naturally transfer the technology knowledge and skills that they acquire from 
courses in their preparation programs to their future classrooms (Brush et al., 2003). However, 
merely having preservice teachers complete these courses may not be enough for the knowledge 
transfer and application of technology integration into their future classrooms to occur. Evidence 
suggests that preservice teachers still do not feel adequately prepared to effectively use 
technology in their classrooms (Kay, 2006; Polly et al., 2010).  
These findings suggest that: a) teacher preparation institutions still need to address how 
preservice teachers are being prepared to use and integrate technology into their programs; and 
b) teacher preparation programs must work to further develop and incorporate methods that 
better infuse technology throughout the entire teacher education program and across content 
areas. In order to address these needs, Tondeur et al. (2011) suggest that rather than focusing on 
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how to use technology, preservice teachers must learn about how technology can be used for 
teaching and learning. Niess (2005) recommends that teacher preparation programs develop a 
multidimensional approach, which concentrates on preservice teachers’ development in teaching 
a particular subject area (mathematics/science) with technology each semester. More and more, 
educators agree that technology can no longer be treated as a separate body of knowledge that is 
isolated from the pedagogical and content knowledge that teachers require. To address this issue, 
Mishra and Koehler (2006) designed a conceptual framework, Technological Pedagogical 
Content Knowledge (TPACK) that provides a common language in talking about teaching, 
learning, and technology. The framework emphasizes the connections, interactions, affordances, 
and constraints between and among content, pedagogy, and technology (Mishra & Koehler, 
2006). After the conceptualization of TPACK, researchers in the field have tried to incorporate 
the model in teacher education program and further developed methods to measure the degree of 
TPACK knowledge development.  
This review of literature is organized around the methods and results found using five 
specific research methodologies most frequently used to measure preservice teachers’ TPACK 
development. In the following sections four major topics are addressed. First, a brief introduction 
to TPACK is provided to assist readers in reviewing this conceptual framework related to teacher 
knowledge and context. Next, the historical development of TPACK is shared along with a 
synthesis of prior literature reviews around TPACK. Finally, a focused review of literature 
around preservice teachers’ development of TPACK is presented.  
 
What is TPACK? 
Technological Pedagogical Content Knowledge (TPACK) was introduced to the 
educational research field as a conceptual framework for understanding teacher knowledge that 
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is required for technology integration (Mishra & Koehler, 2006).  TPACK evolved from 
Shulman’s (1986) theory of pedagogical content knowledge (PCK) and focuses on the need for 
teachers to skillfully demonstrate their ability to integrate technology within the constructs of 
content and pedagogical domains. TPACK can be perceived as a teacher’s intuitive 
understanding for teaching subject-specific content with appropriate pedagogical methods and 
selected technologies. It is well understood that teaching is a complex cognitive activity that 
requires teachers to draw upon several types of knowledge (Koehler & Mishra, 2009). TPACK 
serves as a useful conceptual framework for thinking, analyzing, and evaluating what teachers 
must know to integrate technology into teaching, but ultimately it must be understood as a 
framework for ways in which teachers might best develop this integrated knowledge (Baran et 
al., 2011). To date, researchers have stressed the importance of teachers having a solid 
conceptual understanding of the interactions that occurs among technology, pedagogy, and 
content when planning instruction (Harris & Hofer, 2011; Koehler & Mishra, 2005). Some even 
further elaborate on how this understanding can lead to more effective teaching in classrooms 
(Hughes, 2005; Neiss, 2005; Zhao, 2003). This framework provides a critical perspective with 
which to view technology integration in classroom settings. Highlighting the integrated 
knowledge domains (such as TCK, TPK, PCK and TPACK) provides a model that reflects the 
complexity of the multifaceted lens of teacher knowledge that is needed to understand and define 
this framework. 
The TPACK framework consists of seven components (see Figure 1). Definitions for 
each component follow: 
● Technology knowledge (TK): Knowledge about different technologies, including both 
low-tech and high-tech technologies. 
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● Content knowledge (CK): Knowledge about the actual subject matter to be taught. 
● Pedagogical knowledge (PK): Methods and processes of teaching a subject matter. 
● Pedagogical content knowledge (PCK): The content knowledge that deals with the 
teaching process (Shulman, 1986). 
● Technological content knowledge (TCK): Knowledge of how technology can create new 
representations for specific content. 
● Technological pedagogical knowledge (TPK): Knowledge of how different technologies 
can be used in teaching, and to understand that using technology may affect how teachers 
teach. 
● Technological pedagogical content knowledge (TPACK): Knowledge required by 
teachers when integrating technology into their teaching in any content subject area. 
(Schmidt et al., 2009b, p. 125). 
 
 
Figure 1. The TPACK framework illustration is adopted from http://tpack.org. Reproduced by permission 
of the publisher, © 2012 by tpack.org. 
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Historical Development of the TPACK Framework  
 Historically, teacher education programs have focused on developing a teacher 
candidate’s content knowledge (Veal & MaKinster, 1999) and his/her general pedagogical 
development in classroom practices (Ball & McDiarmid, 1990). Shulman (1986) considered 
treating these two knowledge domains separately as a problem. He then used this as a turning 
point to propose the idea of pedagogical content knowledge. Shulman argued that having 
knowledge of subject matter and general pedagogical strategies does not adequately characterize 
good teachers. He suggested that a teacher needs to master pedagogical content knowledge in 
order to become an expert teacher in a particular content field. However, this does not just stop 
here. When technology became more available, teachers and researchers started to realize the 
importance of technology use in the educational field and its impact on content and pedagogy 
respectively. Thus, teachers are expected to acquire the knowledge needed to be effective 
technology-using educators (CEO Forum, 1997). 
There have been several attempts by researchers over the years to incorporate technology 
with Shulman’s ideas of pedagogical content knowledge (PCK). Pierson (1999) first proposed a 
theoretical model of technology integration based on her synthesis to include technological 
knowledge with Shulman’s framework called “technological-pedagogical-content knowledge” 
(p. 224). Based on this model, Pierson (2001) claimed that meaningful use of technology can 
only happen when a teacher views technology use as an integral part of the learning process.  
Later, Margerum-Leys and Marx (2002) suggested that using computer technology may 
help increase students’ performance. However, they also pointed out that in order to skillfully 
utilize instructional technology in classrooms, teachers are required to have comprehensive and 
multi-directional knowledge. These researchers examined the construct of teacher knowledge of 
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educational technology through the lens of Shulman’s model of teachers’ knowledge- content 
knowledge, pedagogical knowledge, and pedagogical content knowledge. Using Shulman’s 
model to analyze the collected observational data, a new “knowledge set” was revealed and was 
coupled with the practice of educational technology. Margerum-Lyes and Marx referred to this 
new knowledge set as “Pedagogical Content Knowledge of Technology” (p. 446).  
Niess (2005) stated in her study that it has been challenging to ask teacher candidates to 
teach from an integrated knowledge structure when teaching content-specific matters. Niess then 
emphasized the importance for preservice teachers (especially future science and mathematics 
teachers) to develop an overarching conception of their subject matter with respect to technology 
and what it means to teach with technology. Niess identified this specific teachers’ knowledge 
base as “a technology PCK (TPCK)” (p. 510) and described it as when technology becomes an 
integral component of teaching. 
Building upon these prior research studies, Mishra and Koehler (2006) designed a 
framework that includes technology as a third domain of knowledge, along with content and 
pedagogy; further developing these ideas into a visual conceptual framework that depicts 
necessary teacher knowledge. Initially, the framework was recognized as TPCK, but was later 
renamed TPACK for ease of pronunciation and to capture the representation of the three 
knowledge domains as a “Total PACKage” instead of three isolated domains (Thompson & 
Mishra, 2008, p. 38). Again, this framework suggests that content, pedagogy, and technology 
knowledge are equally important in developing meaningful teaching in a particular context. In 
addition, the TPACK framework emphasizes the importance of preparing teachers to make 
sensible choices while using technology when teaching specific content to a target group of 
learners. It is worth noting that this framework does not require one single pedagogical 
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orientation; it embraces using a variety of pedagogical approaches of teaching and learning 
(Harris & Hofer, 2011).  
Background: Literature Reviews on TPACK 
Four specific literature reviews focused on TPACK research were conducted and 
published between 2011 and 2013. The purpose of these literature reviews is to provide scholars 
in the field with an overview of how the framework has evolved,  how can it be used in different 
contexts related to teachers’ development of TPACK and what are the research methods that are 
used in measuring TPACK (See Table 1).  
One review specifically examined the development of the TPACK framework with a 
particular focus on assessing TPACK in the context of preservice teacher preparation programs 
(Abbitt, 2011). This review also provides an overview of the instruments and methods as well as 
the challenges and the implications of the uses of related TPACK-based evaluation.  
 
Table 1.  
Summaries of Past TPACK Literature Reviews 
Authors 
Year of 
Studies 
Included 
Number of 
Studies Study Focus Category Used 
(Abbitt, 2011) 2005-2010  91 · Highlighting emerging instruments and 
methods used 
· Challenges, purposes, and potential uses of 
the tools for TPACK-based evaluation for 
preservice teacher preparation experiences 
·  Development of the TPACK Framework 
·  Challenges of Measuring TPACK 
·  Developing a Self-Reporting Measure 
·  Performance-Based TPACK Measures 
(Koehler, Shin 
& Mishra, 2012) 
2006-2010  66 · Identifying empirical studies that utilized 
TPACK assessments 
· Investigating how each measure address 
the issues of validity and reliability 
·  Self-Report Measures 
·  Open-End Questionnaire 
·  Performance-Based Assessments 
·  Interviews 
·  Observations 
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Table 1. (Continued) 
(Voogt et al., 
2013) 
2005-2011  55 · Investigating the theoretical basis and the 
practical use of TPACK 
·  The Development of the Concept 
·  Views on TK 
·  The Development of TPACK in Subject 
    Domains 
·  TPACK and Teacher Beliefs 
·  Measuring (student-) teachers’ TPACK 
(Chai, Koh & 
Tsai, 2013) 
2003-2011 74 · Aiming to consolidate the collective 
emerging trends, findings, and issues 
generated in TPACK research 
·  Basic data analysis: 
·  General publication trend 
·  Site of studies 
·  Types of journals 
·  Findings from the research method analysis: 
o Theoretical papers 
o Worked examples 
o Data driven research 
o Artifacts evaluation 
o Software development 
o Case studies of students and teachers’ practices 
and perception 
o Intervention studies 
o Document analysis 
o Survey studies 
o Instrument validation 
·  Findings from content analysis: 
o The pedagogy employed or advocated 
o The content knowledge 
o The technology involved in TPACK research 
o The possible pathways to foster TPACK 
 
 
Koehler et al. (2012) further investigated 141 instruments included in 66 studies that 
focused on measuring TPACK knowledge development. Five major approaches (i.e., self-report 
measures, open-ended questionnaires, performance assessments, interviews and observation) 
were identified to be the commonly used measurement methods used in TPACK focused studies. 
In this analysis, it is clear that open-ended questions and instrumentation were used less often in 
TPACK-related studies given the complexity of data coding and analysis needed. Another major 
finding discussed at length by Koehler and others were issues related to how validity and 
reliability were addressed in this collection of studies. 
Chai et al. (2013) agreed that various research methods employed in TPACK-focused 
research have generated positive results in enhancing teachers’ capability to integrate ICT 
(Information and Communications Technology) into instructional practice. These authors 
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suggest there are still many potential gaps where the TPACK framework might be used to guide 
deeper change in education. To be specific, they suggest more development and research of 
technological environments based on TPACK; more examination of students’ learning 
conception with technology; and cross-fertilization of TPACK with other theoretical frameworks 
related to the study of technology integration.  
Finally, Voogt et al. (2013) in their review of literature ascertain that is difficult to locate 
studies related to teachers’ TPACK development in subject area domains. This review found two 
major categories of research and scholarly focus underpinning the literature: 1) studies 
discussing and refining the theoretical basis of TPACK, and 2) studies addressing practical issues 
of measurement and teachers’ professional development. This research group concluded that 
teacher knowledge about TPACK and beliefs about pedagogy and technology are intertwined.  
Findings from past literature reviews focusing on TPACK provide clear evidence that the 
study of TPACK is extended across various contexts throughout education as researchers 
examine the development of teacher knowledge in specific domains. Of the four prior literature 
studies mentioned, three investigated TPACK in a variety of contexts including higher education 
and K-12 environments, and with both inservice and preservice teachers. Although Abbitt’s 
review (2011) highlights the instruments and methods used for specifically studying preservice 
teachers’ TPACK development, additional methods and instruments have since been developed 
and used. Therefore, it is worth investigating the current state of preservice teachers’ TPACK 
development in the literature. In the following sections, this review of literature provides a 
systematic synthesis of how preservice teachers’ development of TPACK has been measured and 
reported in the literature. The methodology used to conduct this review of literature focusing on 
the studies involving preservice teachers’ TPACK development is shared next. 
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Methodology 
This review of literature seeks to understand what the TPACK research community has 
done to investigate the development of preservice teachers’ TPACK while being enrolled in their 
teacher preparation programs. The research questions guiding this literature review are: 
 What Technological Pedagogical Content Knowledge (TPACK) do preservice teachers 
develop while completing their teacher preparation program? 
What research methodologies have been used to measure preservice teachers’ 
development of TPACK? 
In order to help identify articles that address these research questions, an explanation of the 
search procedures used to locate the articles and the inclusion criteria are described next.  
 
Search Procedures 
The search for articles was conducted in three scientific databases (i.e. Education 
Resources Information Center (ERIC), PsycINFO and Mendeley TPACK Research Group) 
during September 2015 and was limited to peer-reviewed articles published between (January) 
2006 and (September) 2015. The keywords employed were “technological pedagogical content 
knowledge” and “TPACK or TPCK”. After cross-checking the reference lists in these data 
sources, a master reference list of articles addressing specifically preservice teachers’ 
development of TPACK was created. A total of 501 articles were identified after the initial 
search process.  
Once all of the manuscripts using the sampling procedures described above were 
collected, the following inclusion criteria items were utilized to evaluate each research study: 
a. The purpose of the study was to measure TPACK (teacher’s knowledge); 
b. The study involved preservice teachers; 
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c. The study is empirical research (quantitative and/or qualitative); 
d. The study is written in English; 
e. The study is published between 2006 and (September) 2015. 
 Out of the 501 articles identified during the initial search process, a total of 88 studies 
met the inclusion criteria stated above (see Table 2). Thus, 413 studies were excluded from the 
analysis for the following reasons:  
a. The study was grounded in the TPACK framework but did not measure teachers’ 
development of TPACK; 
b. The participants of the study were not preservice teachers; 
c. The article only described conceptual/theoretical understanding around TPACK;  
d. The author could not retrieve the actual text due to lack of access to both electronic 
and/or hard copies of the article. 
 
Table 2.  
Characteristics of the (N=88) studies in the review 
Category 
 
Number of Studies 
 
Percentage 
 
Source of the 
studies 
Journal articles 85 96.6% 
Conference 
proceedings 
3 3.4% 
Year of 
publication 
2007 1 1% 
2008 1 1% 
2009 7 8% 
2010 7 8% 
2011 15 17% 
2012 16 18% 
2013 29 33% 
2014 12 14% 
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While many TPACK studies have utilized research methods that include collecting self-
report data from preservice teachers using surveys (Chai, Koh, & Tsai, 2010; Koehler & Mishra, 
2005; Sahin, 2011; Schmidt et al., 2009), other research methodologies have emerged and are 
used to systematically examine the development of preservice teachers’ TPACK. Adapted from a 
recent synthesis of the research literature around TPACK (Gall, Gall, & Borg, 2007; Koehler, 
Shin, & Mishra, 2012), a total of five categories of research methods were identified as being 
used to document preservice teachers’ TPACK development (see Figure 2): 1) self-report 
measures (i.e., Likert scale), 2) open-ended questionnaires (i.e., written responses from 
questionnaire questions), 3) performance assessments (i.e. rubric, performance task, create 
artifact, lesson plan, content analysis, and reflections), 4) interviews (i.e., oral responses), and 5) 
observations (i.e., taking field notes, video recording a lesson). Moreover, the researcher focused 
on finding recurring patterns or keywords from the articles from each category. After identifying 
the recurring patterns and keywords, the researcher categorized them as themes. Each category 
has a least one to three themes identified. It is also worth noting that over time, researchers 
interested in investigating TPACK began to utilize more than one research methodology to 
understand how preservice teachers develop their TPACK. When conducting research that 
involves mixed methods measurement for TPACK development, researchers typically use two or 
more data sources for data analysis. Thus, some studies included in this review were conducted 
using both quantitative (i.e. survey) and qualitative methodology (i.e. observation, open-ended 
questions, interview, performance rubric or artifacts). It was typical in these studies that the data 
gathered using multiple measures were collected to triangulate the results. Since many of the 
studies the author reviewed implemented multiple measures to assess TPACK, the author 
double-counted or triple-counted each study if two or more types of TPACK measures were 
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used. As a result, there are five studies that utilized the mixed method in self-report 
measurement; twenty-three studies that utilized the mixed method in performance assessment 
measurement; three studies that utilized open-ended questionnaire measurement; eight studies 
that utilized the mixed method in interview measurement, and eight studies that utilized the 
mixed method in observation measurement. 
In the following section, a synopsis of these five research methodologies categories 
follows. 
 
Figure 2. Articles in each measurement category used to document preservice teachers’ TPACK 
development. 
 
Results 
 In this section, a synopsis of the five research methodologies categories (self-report 
measure, open-ended questionnaire, performance assessment, interview, and observation) is 
provided. In addition, a summary of the result of preservice teachers’ TPACK development is 
also provided for each category.  
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Self-report Measures  
Self-report measures typically use instruments with questions where participants rate 
their self-perceived knowledge related to the technology, pedagogy, and technology domains and 
the interplay between each domain. In most studies, specific groups of preservice teachers are 
surveyed and the selected self-report measures usually include multiple sub-scales aligned to 
some or each TPACK domain (e.g., TK, PK, CK, PCK, TPK, TCK, TPACK). Based on the 
analysis, there are 42 studies identified in this literature review that used the self-report measure 
as a method to measure preservice teachers’ development of TPACK (see Table 3). Effect size is 
considered to be important method used in Meta-analyses with quantitative measures (Fritz, 
Morris, & Richler, 2012). Self-report measures typically utilize a survey instrument as the 
method for measuring the outcomes. And, the survey is one the most used quantitative 
instruments in educational research. Therefore, there is a need to include effect size to ensure the 
same method can allow researchers to develop a more generally interpretable, quantitative 
description of the size of an effect. An effect size describes the size of observed effects that is 
independent of the possibly misleading influences of sample size. Studies with different sample 
sizes but the same basic descriptive characteristics (e.g., distributions, means, standard 
deviations) will differ in their statistical significance values but not in their effect size estimates. 
Effect sizes can also allow the comparison of effects in a single study and across studies in either 
formal or informal meta-analyses. It was worth noting that in 42 studies examined for this 
review, only 9 studies contain information about effect size calculation for quantifying the 
effectiveness of particular interventions. 
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Table 3.  
Major themes in self-report measure category 
 Authors & Year Number of 
Studies 
Findings 
1 (Chai et al., 2011; Chai et 
al., 2013; Han et al., 
2013; Horzuma, 2013; 
Hughes, 2013; Pamuk, 
2012; Semiz & Ince, 
2012; Tokmak et al., 
2013; Young et al., 2013) 
9 Effective modeling from teacher education program can 
enhance preservice teachers’ TPACK development. 
2 (Kaya et al, 2013; Rohaan 
et al., 2012; Zhan et al., 
2013) 
3 Teaching experience may impact preservice teachers’ TPACK 
development. 
3 (Kabakci Yurdakul et al., 
2014; Koh et al., 2013; 
Meriç, 2013) 
3 Technological Knowledge (TK) has strong correlation with 
TPACK development. 
Note. 1) The asterisk (*) represents studies that utilize more than one method. 2) Only included some major studies 
that represented each finding. 
 
 
While first generation TPACK research focused on defining the seven constructs of 
TPACK, the second generation of studies have shifted to focusing on using the framework to 
examine teachers’ knowledge of integrating technology, hence, TPACK, to facilitate and 
enhance their teaching and whether such knowledge develops through technology interventions. 
Building on the history of using survey methodology to examine teachers’ knowledge with 
regards to technology integration, researchers began designing survey instruments to assess 
teachers’ TPACK. Although several survey instruments were developed to examine inservice 
and preservice teachers’ TPACK (Archambault & Crippen, 2009; Jamieson-Proctor et al., 2007; 
Lee & Tsai, 2010), Schmidt et al. (2009) followed with a validation study for a survey (Survey of 
Preservice Teachers’ Knowledge of Teaching and Technology) specifically designed for 
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preservice teachers who were majoring in elementary or early childhood education. The internal 
consistency reliability (coefficient alpha) for this survey ranged from .75 to .92 for the seven 
TPACK subscales. Within a pre- and post-survey design, Schmidt et al. (2009) reported that after 
completing an introductory instructional technology course statistically significant gains were 
found in all seven knowledge domains among 87 preservice teachers, with the largest growth in 
the areas of TK, TCK, and TPACK.  
Further article analysis for this review revealed that the original Schmidt et al.’s (2009) 
TPACK survey instrument underwent numerous adaptations by researchers based on the nature 
of phenomena on which each study focused. Descriptive information concerning those changes 
was given and categorized with respect to retained items, added items, removed items, adapted 
items or subject focus, Likert scale used, and the final number of items covered by the adapted 
surveys. For example, in the Chai et al.’s study (2010), the Schmidt et al. survey was changed 
from a 5-point Likert scale to a 7-point scale. And the CK related questions were changed to 
incorporate subject matter that Singapore preservice teachers would typically be required to 
teach. The Chai et al. survey was validated using factor analyses and the preservice teachers’ 
TPACK perceptions before and after their ICT course were examined. The results reveal 
statistically significant gains with good effect sizes larger than 0.60 (Cohen, 1969). Regression 
analysis further revealed that technological knowledge, pedagogical knowledge, and content 
knowledge were all significant predictors of preservice teachers’ development of TPACK, with 
pedagogical knowledge having the largest impact. Another study, Kaya & Dag, 2013, translated 
the Schmidt et al. TPACK Survey (2009) into Turkish language and then investigated its factor 
structure through exploratory and confirmatory factor analysis. The participants were 352 
elementary preservice teachers from three large universities in northwestern Turkey. Cronbach 
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Alpha reliability coefficients of subscales ranged between 0.77 and 0.88. Exploratory factor 
analysis results showed that the factor structure of the Turkish version of the survey was similar 
to the original version. According to the confirmatory factor analysis results, the goodness of fit 
indices indicated a good model fit. Based on the results, it was concluded that the Schmidt et al. 
TPACK Survey is a reliable and valid measure for use with Turkish preservice teachers. 
While some studies continued to adapt existing instruments, some researchers designed 
additional survey instruments to further investigate TPACK. Sahin (2011) developed a survey 
consisting of seven subscales representing the TPACK model’s seven knowledge constructs. The 
instrument initially included 60 items but was reduced to 47 items after expert evaluation. Then, 
exploratory factor analysis (EFA) was conducted to examine the construct validity and the factor 
structure of the survey. The EFA results show the survey items for each subscale successfully 
measure each TPACK knowledge construct. The internal consistency scores for each subscale 
calculated are determined as 0.93 for TK, 0.90 for PK, 0.86 for CK, 0.88 for TPK, 0.88 for TCK, 
0.92 for PCK, and 0.92 for TPACK. Results demonstrated Sahin’s TPACK survey is a valid and 
reliable measure.  
With the overarching goal of helping Australian Education Institutions to implement the 
national Teaching Teachers for the Future (TTF) intervention to all preservice teacher education 
programs, Jamieson-Proctor et al. (2013) developed and validated a survey instrument related to 
TPACK. The TTF TPACK Survey instrument developed for the TTF Project was informed by 
earlier work on the measurement of TPACK and ICT integration in classrooms (Jamieson-
Proctor & Finger, 2009; Jamieson-Proctor, Watson, Finger, Grimbeek & Burnett, 2007). The 
development of this particular instrument was guided by the TTF Research and Evaluation 
Working Group and incorporated additional items with the intent to extend an earlier developed 
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TPACK Confidence Survey (TCS) (Albion, Jamieson-Proctor & Finger, 2010), in order to meet 
the particular needs of the TTF project. The data collected were subject to a battery of 
complementary analysis procedures using both the pre (N=12,881) and post (N=5,809) 
preservice teacher data. In this study, exploratory factor analysis was conducted to examine how 
the twenty-four items were measured. Two factor loadings (confidence and usefulness) were 
identified with Cronbach's Reliability Coefficient of .99 and .98. It was recommended by the 
developers that this instrument would help explore current theoretical frameworks with respect to 
the teacher knowledge bases required when using ICT in the curriculum.  
Various existing survey instruments provide a straightforward and useful self-reporting 
measure of TPACK for use with preservice teachers. However, another trend from the analysis 
shows an additional focus for investigating specific subject matter in preservice teachers’ 
TPACK development. For example, Lin et al. (2013) explored science teachers' perceptions of 
technological pedagogical content knowledge (TPACK) addressing their perceptions of the 
affordances of technology application in instruction. A total of 222 preservice and inservice 
science teachers in Singapore were surveyed. Structural equation model analysis was utilized to 
examine the TPACK model involving the seven domains. The result of this study confirmed all 
the correlations between the latent variables of the seven-factor TPACK model were identified as 
significant. Besides, the science teachers’ TPACK was highly correlated with their TCK (.83), 
TPK (.76), and TK (.70). The results may suggest that science teachers who perceive self-
confidence in the synthesized knowledge of technology, pedagogy, and content possess a similar 
level of confidence in the knowledge involved with emerging technologies.  
Analysis of the results from the TPACK studies that used the self-report measure as a 
research methodology revealed three major themes. The first theme is about how effective 
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modeling from teacher educators can enhance preservice teachers’ TPACK development. It was 
understood that with various opportunities to observe how to use technology in the courses 
offered by the teaching in teacher preparation program can enhance TK-related knowledge 
(Horzuma, 2013; Tokmak et al., 2013; Young et al., 2013). On the other hand, Semiz and Ince 
(2012) specified the risks of negatively impacting preservice teachers’ TPACK development if 
teacher educators provided poor technology integration modeling. It was also revealed in both 
the studies of Chai et al. (2013) and Pamuk (2012) that although preservice teachers all showed 
development in their core knowledge domains (TK, CK, and PK), without sufficient teaching 
experience, preservice teachers had difficulties developing integrated knowledge domains. It was 
recommended by the authors that teacher preparation programs will need to provide 
opportunities to demonstrate how to integrate technology effectively in teaching.  
The second theme that emerged from the analysis is how teaching experience may impact 
preservice teachers’ TPACK development. Rohaan et al. (2012) indicated that more experience 
in teaching technology related knowledge during classes will stimulate the development of 
preservice teachers’ PCK, which will again lead to more confidence in teaching and more 
positive attitudes. Both Kaya et al. (2013) and Zhan et al. (2013) confirmed the same hypothesis, 
but also pointed out that lack of teaching experience may greatly affect preservice teachers’ 
overall TPACK development. Specifically, with sufficient amount of teaching experience, 
preservice teachers’ will enhance their PCK and TPACK development. 
The third theme that emerged from the analysis is that TK has a strong correlation with 
TPACK development. The research results from Meriç’s study (2013) are parallel to what 
Chuang and Ho (2011) say in that TK knowledge is necessary for TPACK knowledge, but it 
does not guarantee TPACK. Kabakci Yurdakul et al. (2014) specified similar research findings; 
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the structural regression model demonstrated that technology usage (TK) had direct influence on 
TPACK competencies. In the other words, the technology usage phase and level were significant 
predictors of TPACK competency.  
 
Open-ended Questionnaires  
Open-Ended Questionnaires typically ask preservice teachers to respond to different 
types of questions (prompts) regarding their overall experiences in instructional technology 
courses with an emphasis on TPACK development or their teaching experiences. There are 8 
research studies reviewed that used an open-ended questionnaire format for gathering data from 
preservice teachers (see Table 4).  
Table 4.  
Major themes in open-ended questionnaire category 
 Authors & Year Number of 
Studies 
Findings 
1 (Valtonen et al., 2011) 1 There was limited TK, PK and TPK development from first-
year preservice teachers. 
2 (Mouza et al., 2014) 1 Positive TCK development helps situate preservice teachers to 
teach in specific discipline. 
3 (Calik et al., 2013; 
Kennedey-Clark, 2011; 
Tokmak, 2013*) 
3 There was positive preservice teachers’ TPACK development 
due to proper modeling. 
4 (Robertshaw & Gillam, 
2010) 
1 Preservice teachers improved in TK, TCK, PCK and TPACK 
knowledge development. 
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Table 4. (continued) 
5 (Ozgun-Koca, 2009*) 1 TK knowledge increased significantly and has positive impact 
on TPACK development. 
6 (So & Kim, 2009*) 1 Preservice teachers understood the importance of TK and PK, 
but they did not translate it into TPACK development. 
Note. The asterisk (*) represents studies that utilize more than one method. 
 
A typical example can be found in So and Kim’s (2009) study about the relationship 
between TPACK and practice in a study with preservice teachers. The questionnaire they used 
for this study contains five demographic items (gender, age, teaching experience, types of 
teaching subject and school, and Problem-Based Learning (PBL) exposure) and five open-ended 
items on perceptions of PBL (pedagogy) and ICT (technology). The questionnaire was 
developed to identify participants’ understandings, misconceptions, and difficulties in integrating 
both ICT and PBL in classrooms. For example, one of the research questions states, “What do 
you see as the main strength and weakness of integrating ICT tools into your PBL lessons?” 
Thus, in the creation and development process of open-ended questionnaires, questions should be 
created for assessing the overall experience of the respondents. Two coders identified types and 
frequencies of common themes that emerged from preservice teachers’ responses to the five 
open-ended items in this survey. For the purpose of this study, the representations of content 
knowledge were evaluated in relationship to the pedagogical and technological designs in the 
rubric.  
Similar to the previous study, Tokmak et al. (2013) focused on preservice teachers’ 
opinions about their communication experience via e-mail and chat programs. The open-ended 
questions included in the questionnaires for this study focused on what the preservice teacher 
took into account while communicating both synchronously and asynchronously; whether there 
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was a change in terms of procedure while communicating on the Internet and face-to-face; what 
difficulties they met during communicating on the Internet versus face-to-face; and what they 
gained from this activity. The study revealed that preservice teachers gained essential 
competencies in instructional material design. Moreover, the results expressed that preservice 
teachers gained experience in incorporating TPACK into their future teaching practices.  
Analysis of the results from the TPACK studies that used open-ended questionnaires as a 
research methodology revealed one major theme: modeling by course instructor contributed to 
preservice teachers’ TPACK development. By following proper guidelines or demonstrations 
from course instructors, preservice teachers learned how they could effectively integrate 
educational technologies into coursework or teaching with specific content related ideas. In Calik 
et al.’s study (2013), constant demonstrations of how to use technology in content from the 
content-specific course instructor (in chemistry) significantly enhanced senior science preservice 
teachers’ TPACK in a chemistry elective course and practicum. Kennedy-Clark (2011) also 
stated the need for establishing a proper modeling structure for preservice teachers who are 
typically inexperienced in pedagogy and content area knowledge, so that it can promote effective 
technology integration in actual classrooms.  
Preservice teachers from other individual studies showed various growth in TPACK 
development. For instance, preservice teachers showed improvement in TK, PCK, TCK and 
TPACK (Robertshaw & Gillam, 2010), while another study reported that when preservice 
teachers showed a significant increase in TK that may contribute to the overall development of 
TPACK (Ozgun-Koca, 2009). However, it was also understood that despite the fact most 
preservice teachers were recognized as being digital natives (Prensky, 2001), they may not be 
able to recognize the connection between technology and teaching right away (Voltonen et al., 
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2011). Even though preservice teachers acknowledge the importance of using technology and 
effective pedagogical approaches, most still have difficulty developing pedagogically sound, and 
content-specific teaching approaches with effective technology integration (So & Kim, 2009). 
Based on the written responses from preservice teachers, researchers were able to see initial 
responses regarding technology integration in teaching. However, more in-depth written 
reflections and artifacts are needed to monitor the changes.    
 
Performance Assessments  
Performance-based measures are another popular research method used in studies 
focusing on preservice teachers’ TPACK development (Koehler, Shin & Mishra, 2012). This 
specific method typically develops ways to assess TPACK by using artifacts (Abbitt, 2011), or 
by completing a task, or a product resulting from some type of performance (Gall et al., 2007). 
Some TPACK performance assessments consist of scenario or problem-based questions that 
require a solution (Graham, Tripp & Wentworth, 2009). There are 35 studies identified in this 
literature review that used performance assessment as a method to measure preservice teachers’ 
development of TPACK (see Table 5).   
Table 5.  
Major themes in performance assessment category 
 Authors & Year Number of Studies Findings 
1 (Angeli & Valanides, 
2013; Agyei & Voogt, 
2012; Graham et al., 
2009; Jang & Chen, 
2010; Kramarski et al., 
2010; Meagher et al., 
2011; Mouza & 
Karchmer-Klein, 2013*)  
14 Scaffolding or modeling can foster preservice teachers’ 
TPACK knowledge development. 
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Table 5. (continued) 
2 (Graham et al., 2012; 
Hosseini & Tee, 2012*; 
Kopcha et al. , 2014*; 
Pamuk, 2011) 
7 It is very challenging to identify preservice teachers’ 
development in integrated knowledge domains.  
Note. 1) The asterisk (*) represents studies that utilize more than one method. 2) Only included some major studies 
that represented each finding. 
 
Three major rubric tools have been developed to date to assess teachers’ TPACK 
development and technology integration. Harris, Grandgenett, and Hofer (2010) adapted a rubric 
from the Technology Integration Assessment Instrument (Britten & Cassady, 2005) to assess 
preservice teachers’ TPACK. In a validation study, experienced educators each had rated fifteen 
lesson plan documents that targeted various content areas and grade levels from the same course 
for a two-year period using an adapted rubric instrument. The raters provided ratings ranging 
from one to four (four being the best) for the specified categories such as “Curriculum Goals & 
Technologies,” “Instructional Strategies & Technologies,” “Technology Selections,” and “Fit.” 
Based on the acknowledgment of the instrument being validated and reliable with Cronbach’s 
Alpha calculated as .91 and internal consistency calculated as .90, it was later widely used in 
other studies with different contexts as well (Hofer & Grandgenett, 2012; Kopcha et al., 2014). 
Typically, this validated rubric is used for evaluating such performance-based activities such as 
designing a project plan, writing a lesson plan or creating a portfolio. In Hofer and Grandgenett’s 
(2012) study, the rubric was used to assess the lesson plans developed by 17 preservice teachers 
enrolled in an eleven-month secondary Masters of Arts Education program. Results revealed that 
with lesson-related scaffolding during the classes, preservice teachers demonstrated significant 
knowledge in technological pedagogical knowledge (TPK) and technological pedagogical 
content knowledge (TPACK) in their developed lesson plans, but only limited growth in 
technological content knowledge.  
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In 2012, another performance-based assessment was designed to assess teachers’ 
integration of self-regulated learning (SRL) while infusing technology into a TPACK classroom 
context. The tool reflects all three knowledge components’ dynamic interactions with SRL and 
test instrument's validity and reliability as a practical tool for measuring effects of teacher 
education (Kohen & Kramarski, 2012). The TPCK-SRL scheme was used to assess nine 
preservice teachers’ lesson design, collected before and after taking a course on TPCK Teaching 
and Learning Methods. Results from the posttest lesson designs revealed specific, qualitative 
TPCK-SRL descriptions that referenced TPACK components and SRL considerations (what, 
how, when, and why to infuse technology), thus providing content validity for the scheme.  
Koh (2013) later shared a validated rubric to analyze 55 Singaporean preservice teachers’ 
lesson activities to determine the strengths and weaknesses of the preservice teachers’ TPACK 
for meaningful learning with ICT in practice. The study describes the conception, validation, and 
implementation of a rubric for assessing ICT lesson activities with respect to the dimensions of 
meaningful learning with ICT. Findings suggest that the ICT module was successful in 
developing the preservice teachers' TPACK for meaningful learning with ICT for the active 
dimension. However, other dimensions (constructive, authentic, intentional, and cooperative) 
were rated at lower levels of development. This result could be connected to insufficient 
exposure to such kinds of advanced learning experiences (e.g., utilized specific approach for 
subject matter with technology) as preservice teachers, given that Singaporean classroom 
practices are largely teacher-centric and focused on information acquisition for exam preparation 
(Gao, et al., 2009; Hogan & Gopinathan, 2008; Lim & Chai, 2008).  
Some TPACK studies reviewed used performance assessments such as reflections to 
assess teachers’ TPACK development. Norton (1994) emphasized the importance of including 
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reflective journals and reflective experiences as part of a preservice teacher’s professional 
development during a teacher preparation program. By writing reflective journals, preservice 
teachers could then identify teaching problems and improve their teaching skills (Ekiz, 2006). 
When reflecting upon one’s experiences becomes a habit of mind, conscious teaching occurs 
(Freese, 1999; Kincheloe et al., 1999; Larrivee, 2000). Koh and Divaharan (2011) assessed 74 
preservice teachers’ individual course reflections. The results revealed that these preservice 
teachers predominantly developed Technological Knowledge (TK) and Technological 
Pedagogical Knowledge (TPK). The authors suggest more emphasis on subject-focused 
pedagogical modeling, product critique, and peer sharing may better develop preservice teachers’ 
Technological Content Knowledge (TCK) and TPACK. Maeng et al. (2013) utilized a similar 
research design to investigate preservice secondary science teachers’ technology-enhanced 
inquiry instruction and their developing TPACK. A reflective paper was used to investigate 
whether preservice teachers’ TPACK changed at all during this intervention. Results from 
preservice teachers’ reflection journals revealed that participants perceived the value of using 
technologies and believed educational technology can support and facilitate non-experimental 
and experimental inquiry experiences. Participants developing TPACK was evidenced by their 
selective and appropriate use of technology.  
Analysis of the results from the TPACK studies that used performance assessment 
measures as a research methodology revealed two major themes. The first theme is scaffolding 
or modeling can foster preservice teachers’ TPACK knowledge development. Kramarski et al. 
(2010) described the complexity for preservice teachers to develop their understanding about 
TPACK. Therefore, it was recommended that a focus on teaching about the interactions among 
technology, content, and pedagogy is needed. Mouza and Karchmer-Klein (2013) also shared 
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that preservice teachers may not have a deep understanding of pedagogy when they first started 
the program. As a result, they may need to acquire more classroom experiences with technology 
integration modeling or teaching tryouts (Agyei & Voogt, 2012) or instructional design tasks 
(Angeli & Valanides, 2013) before they can exhibit a more sophisticated integration of TPACK.  
Not only can modeling from instructors of the teacher preparation program be influential, 
there are also studies indicating peer mentor feedback and field instructors can play a major role. 
In Jang and Chen’s study (2010), it was revealed that through peer coaching and online 
discussion, preservice teachers could exchange their ideas and opinions when they had questions 
about the course. These strategies provided preservice teachers with an avenue to receive instant 
feedback and learn related pedagogical content knowledge with technology. The mentors’ 
approach and involvement indicated their potentially strong impact on the development of 
preservice teachers’ TPACK. Then, it was important that preservice teachers were provided with 
authentic opportunities to experiment with teaching approaches. On the other hand, both Graham 
et al. (2009) and Meagher et al. (2011) stated the impact field experience and field instructor can 
have. Graham et al. (2009) further explained the negative impact when field instructors do not 
have the concept of TPACK, preservice teachers could potentially be discouraged to use 
technology because of the experience. The finding highlighted the importance of providing good 
models of technology use to the field instructors as well as to the teacher candidates. 
The second theme emerged from the analysis is the challenge to identify the development 
in integrated knowledge domains. Pamuk (2011) pointed out that while preservice teachers may 
have demonstrated some degree of knowledge in technology, pedagogy, and content, their ability 
to use knowledge bases and their attempts to create new knowledge bases, like TPK, were 
limited. This finding may be principally due to lack of teaching experience. Hosseini and Tee 
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(2012) revealed in the results of their study that developing integrated knowledge bases based on 
different teaching components can be difficult for preservice teachers because it requires a deep 
understanding of core knowledge and interpretation of the teaching context and its dynamics. 
Kopcha et al. (2014) also revealed that while many of the preservice teachers were able to clearly 
articulate their understanding of TPACK in their end-of-course portfolio written reflections, they 
struggled to create planning documents that used technologies that were appropriate for their 
given audience and supported the content standards. It was worth noting that the results from the 
written reflections contradict their survey responses. This may indicate that scores on the 
Schmidt et al. survey better reflect what teachers' think they know about TPACK rather than 
what they actually know or can do with that knowledge. Even though preservice teachers may 
demonstrate some integrated knowledge (i.e. TPK) through course assessments, they sometimes 
focused on technology as ‘motivating’ or ‘engaging’ the students in ‘active learning’ rather than 
connecting directly to content-specific pedagogies (Graham et al., 2012).  
 
Interviews  
Another measurement method found was interview. When conducting interviews, the 
overall process is typically audio-recorded for coding later. There are 12 studies identified in this 
literature review that used interview as a method to measure preservice teachers’ development of 
TPACK (see Table 6). Ozgun-Koca (2009) asked 27 preservice secondary mathematics teachers 
during group interviews (fourth- and fifth-year students separately) the advantages and 
disadvantages of using calculators in a math classroom. Results revealed that preservice teachers' 
perception of TK increased, as they knew more about what the handheld technology tool can 
offer. There was a great change in TPACK knowledge, too. Fourteen (52%) of the preservice 
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teachers mentioned that when graphing calculators are used, they facilitate students’ participation 
in class and promote active learning processes. Preservice teachers also indicated that the 
importance of having both the technical (technology) knowledge and pedagogical knowledge 
about how to use these devices in mathematics classrooms is necessary to create an effective 
learning and teaching environment (TPACK).  
 
Table 6.  
Major themes in interview category 
 Authors & Year Number 
of 
Studies 
Findings 
1 (Maeng, 2013*; Trudle 
& Dell, 2010) 
2 Close connection between educational technology and 
pedagogy was identified. 
2 (Hosseini & Tee, 2012*) 1 Deficiency in basic knowledge domains lowers the 
development of TPACK. 
3 (Hsu, 2012*) 1 Development of TK and TPK was identified, but TCK was 
completely missing. 
4 (Tondeur et al., 2012) 1 Preservice teachers devoted efforts in connecting TK to PK and 
CK, but they only showed improvement in TCK. 
5 (Jaipal & Figg, 2010*) 1 Lack of TPK has a negative impact on teaching in classroom. 
6 (Figg & Jamani, 2011*; 
Jaipal & Figg, 2010*; 
Jang & Chen, 2010*; 
Schnittka & Bell, 2009) 
4 There were positive preservice teachers’ TPACK development 
due to proper modeling. 
7 (Ozgun-Koca, 2009*; 
Chien et al., 2012) 
2 Significant increase in TK has positive impact on preservice 
teachers’ TPACK development. 
Note. The asterisk (*) represents studies that utilize more than one method. 
In addition to the advantages and disadvantages of using technological tools, researchers 
in some studies conducted interviews with participants to evaluate their TPACK domain 
development or their perceptions of TPACK. A semi-structured interview consists of several key 
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questions that help to define the areas to be explored but also allows the interviewer and/or the 
interviewee to elaborate in order to pursue an idea or response in more detail. Many studies focus 
on investigating preservice teachers’ teaching experience. Jaipal and Figg (2010) investigated 
how four preservice teachers planned and taught technology-enhanced lessons during a seven-
week, practice-teaching block at two K-8 schools. Findings from this study actually propose a 
framework that outlines particular characteristics for supporting preservice teachers’ effective 
integration of technology into classroom practice. 
Analysis of the results from the TPACK studies that used interviews as a research 
methodology revealed three themes: 1) modeling by course instructors and/or inservice teachers, 
2) teacher preparation programs have a great impact on preservice teachers’ teaching with 
technology, and 3) preservice teachers’ knowledge increase in TK and TPACK. Four of the 
studies revealed that when instructors or inservice teachers provide proper modeling to facilitate 
technology integration in content-specific situations, preservice teachers are inspired and show 
growth in their TPACK development. In these interviews, preservice teachers expressed that they 
were better able to select the appropriate technology tools and integrate them with their content 
ideas when they were able to see specific ideas modeled by their course instructors and inservice 
teachers.   
A second theme was found in two other studies. The researchers found from interview 
results that preservice teachers’ development of TPACK was apparent in the way that they 
applied the general model of technology-enhanced inquiry instruction they learned in the science 
teacher preparation program to their own classroom context. The authors noted the most 
variation in participants’ use of technology to support students’ in their observing, inferring, and 
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experimenting with the aid of a variety of technologies. These results emphasize the close 
connection between educational technology and pedagogy (Maeng, 2013; Trundle & Bell, 2010).  
The third and final theme identified in TPACK studies that included conducting 
interviews with preservice teachers was an increase in their TK and TPACK. Two of the studies 
explicitly acknowledged that there might be a direct correlation between the development of two 
TPACK domains, TK and TPACK. In Chien, Chang, Yeh and Chang’s study (2012), drawing on 
Collins et al.’s model (1989) to scale up a 4-phase cyclic MAGDAIRE framework, it was found 
that guided development provides critical aids to develop online science instructional materials. 
In addition, articulated implementation helps preservice teachers think about the process of 
implementing the developed project around those online science materials. It is interesting to 
note that reflected evaluation from peers also assists science teacher educators in closing the gap 
between instructional design and technology design while teaching technology integration. 
Ozgun-Koca (2009) also confirmed that by introducing the graphic calculator with careful 
guidance and providing examples to showcase how to implement the tool to secondary 
mathematics preservice teachers, they expressed their positive attitude toward the tool and could 
see it enhance learning outcomes. These findings suggest that detailed guidance and planning 
with technology integration not only improved the preservice teachers’ technology knowledge 
(Flash proficiency, as an example of a particular technology competency), but also helped them 
use technology skills with teaching methods and subject matter (TPACK) (Chien, Chang, Yeh & 
Chang, 2012; Ozgun-Koca, 2009). However, not all studies showed positive changes in the 
knowledge development. In the study of Tondeur et al. (2012), while making the attempt to 
connect TK to PK and CK, preservice teachers only showed improvement in TCK and not an 
improvement in TPK and TPACK. Interestingly, Jaipal and Figg (2010) suggest in their study 
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that having TK and TCK increase may not still be enough for a successful technology integration 
instruction. Without TPK development, there was a negative impact for preservice teachers 
implementing their lesson plan in practice. 
 
Observations 
There are 13 studies identified in this literature review that used observation as a method 
to measure preservice teachers’ development of TPACK (see Table 7). Researchers began to 
examine how the knowledge level of TPACK changed over time by using note taking and/or 
video recording during an observation (Koehler, Shin & Mishra, 2012). It is known that direct 
observation in classrooms can yield abundant information about the nature of effective teaching 
(Good & Brophy, 2000) and “successful integration of technology requires not only knowledge 
of the technology and its potential use but also the skill to plan and execute a good lesson” 
(Painter, 2001, p. 23). When conducting the observation, researchers typically observe the study 
participant in a classroom setting and take field notes about how he/she integrates technology 
into the process of teaching the lesson. Understanding the importance of enacted instruction, 
Hofer, Grandgenett, Harris and Swan (2011) developed and validated a TPACK-based rubric 
that has been used to assess observed evidence of TPACK during classroom instruction. 
Table 7.  
Major themes in observation category 
 Authors & Year Number 
of 
Studies 
Findings 
1 (Hubbard & Price, 2013*; 
Lee & Kim, 2014) 
2 Basic knowledge domains (TK, CK and PK) showed great 
development while integrated knowledge domains (TCK, 
TPK and TPACK) showed no improvement. 
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Table 7. (continued) 
2 (Hosseini & Tee, 2012*) 1 Deficiency of TPK impacted overall development of 
TPACK. 
3 (Hubbard & Price, 2013*; 
Pamuk, 2011) 
2 Lack of PK contributed to the decrease of TPK, PCK and 
TPACK. 
4 (Hsu, 2012*) 1 Preservice teachers developed TK and TPK in educational 
technology course. 
5 (Swan & Hofer, 2011) 1 Preservice teachers showed strong TPK in lesson 
implementation while TCK was completely missing. 
6 (Figg & Jamani, 2011*; 
Haciomeroglu et al., 2011; 
Jaipal & Figg, 2010*; 
Maeng et al, 2013*; 
Tokmak et al., 2013*) 
6 There were positive preservice teachers’ TPACK 
development due to proper modeling. 
Note. The asterisk (*) represents studies that utilize more than one method. 
 
Figg and Jamani (2011) also investigated two separate approaches for teaching with 
technology that highlighted practice-based teacher knowledge and actions for teaching 
technologically enhanced lessons. Participants were two elementary preservice teachers teaching 
during a practicum experience and classroom observations were used for collecting data. Cross-
case analysis revealed that content-centric pedagogy-focusing lesson design on a specific content 
learning outcome, rather than technical skill-promoted student engagement and learning of both 
content and technical skill. Observations were also used in Tokmak et al.’s study (2013) while 
observing whether preservice teachers develop TPACK skills while enrolled in an instructional 
technology and material design course. Five activities based on TPACK were designed by the 
instructors to provide students with specific teaching experiences. The study revealed that the 
pre-service teachers’ perception of instructional technology (IT) was changed. It was changed 
from only focusing on technology (TK) to including both instructional implications (PK) and 
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teaching. It also showed that preservice teachers’ perceptions about using technology, pedagogy, 
and content (TPACK) for teaching purposes were enhanced through these activities.  
From the studies identified for using observation as a method to measure preservice 
teachers’ TPACK development, one major theme repeatedly was reported from six out of the 
twelve studies examined. It was revealed that by following the guidelines and/or modeling by 
inservice teachers or course instructors, preservice teachers were much more successful in 
integrating technology with content-specific ideas and views into their coursework/teaching. 
Researchers also noted that preservice teachers’ TPACK knowledge increased during the class 
observations those studies.  
Two other themes were evident from TPACK studies involving observations, the lack of 
preservice teachers’ pedagogical knowledge and the difficulty in observing the “integrated” 
knowledge domains (like TCK, PCK, TPK, TPACK). Both Pamuk (2011) and Hubbard and 
Price (2013) documented that preservice teachers typically had insufficient knowledge of 
teaching in general (i.e., lack of pedagogical knowledge). Thus, this lack of PK negatively 
impacted the preservice teachers’ knowledge development in TPK, PCK and TPACK as a result. 
For example, Hosseini and Tee (2012) revealed that if preservice teachers had a “deficiency” in 
TPK, their TPACK was also lower or not as evident. 
Finally, researchers could typically observe preservice teachers’ basic level  
TPACK domains (TK, CK, and/or PK), but it was more difficult to observe any of the integrated 
knowledge domains, such as TCK, TPK and TPACK (Hubbard & Price, 2013; Lee & Kim, 
2014). It is worth noting that TCK seems to be a knowledge domain that is the most difficult to 
observe in teaching situations. For example, Swan and Hofer (2011) observed strong TPK 
development when preservice teachers implemented their podcasting projects in social studies 
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(mostly history), but did not observe TCK during any of the preservice teachers’ observations. 
And, Hsu (2012) was also able to observe preservice teachers’ obvious knowledge development 
in the areas of TK and TPK during their student teaching period, but TCK was absent from the 
observations.  
 
Discussion  
Based on the analysis provided above, one to three themes related to preservice teachers’ 
TPACK development were identified from each TPACK research method category (see Figure 
3). There are two overarching themes that emerged from most of the categories. The first theme 
is modeling can promote and enhance preservice teachers’ development of TPACK. Preservice 
teachers need more scaffolding to help them better integrate technology in different teaching 
environments (Chai et al., 2013, Pamuk, 2012). The scaffolding can come from teacher 
preparation program instructors (Meagher et al., 2011), field teachers and even peer mentors 
(Koh & Divaharan, 2011). On the other hand, if the instructors or field teachers did not have a 
full understanding about TPACK, preservice teachers could get discouraged with technology 
integration or even show no improvement in the related TPACK knowledge domains as a result 
(Semiz & Ince, 2012). It was also confirmed that preservice teachers tend to repeat the same type 
of technology integration activity they learned from their past experiences in their own 
classrooms (Figg & Jamani, 2011).  
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Figure 3. Summary of preservice teachers’ TPACK development themes in each research 
method category.  
 
The second overarching theme is the challenge associated with observing integrated 
TPACK knowledge domains (TCK, TPK). While it was easy to identify the core knowledge 
domains (TK, CK, and PK) in different measurements, the integrated knowledge domains either 
showed no improvement or could not be identified in some studies (Hosseini & Tee, 2012; Lux 
et al., 2011). In order to understand the rationale of the results and investigate the best approach 
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to observing these domains, further follow-up data collection method may be needed to provide 
the whole picture of preservice teachers’ TPACK development.  
Regarding the TPACK research methods, despite the fact that the teacher education 
community continues to investigate preservice teachers’ development of TPACK, the most 
frequently used data collection methods from the studies analyzed for this review were self-
report (N=42) and performance-based (N=35) measures. However, it is worth noting that steps 
are being taken to continually build upon prior work of others conducted in the area. For 
example, researchers are using existing self-report instruments for studies being conducted in 
different countries or instructional contexts. Several of these self-report instruments have been 
through a process of validation to ensure consistency when tracking preservice teachers’ TPACK 
development. Several studies (Hofer & Grandgenett, 2012; Koh, 2013; Kohen & Kramarski, 
2012; Kopcha et al., 2014; Schmidt et al., 2009) have documented the validation process in 
details. First generation examples of the TPACK survey primarily focused on “general” 
preservice teachers’ development of TPACK (e.g., Schmidt et al., 2009), while the second 
iteration of studies that use self-report surveys have focused more on subject specific (e.g., math 
and science) preservice teacher knowledge development related to TPACK (Lin et al., 2013, 
Ozgun-Koca et al., 2010).  
Despite the fact that most of the studies investigated general preservice teachers’ 
technology integration skills using self-report measures, there is a small trend indicating there is 
growing interest in using more performance-based measures in order to triangulate data in order 
to better understand how preservice teachers are prepared to teach certain subject matter (e.g. 
science, math, etc.). Typical data collection tools used for TPACK performance-based measures 
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range from using reflection, designing a lesson plan, assessing with a rubric, and creating 
technology-based artifacts.   
Self-reported data can still provide important findings on the topic, but researchers must 
be aware that “there is always the potential for error in recall” (Egbert, Paulus, & Nakamichi, 
2002, p. 121) and the problematic data (errors) associated with self-report do not present solid 
evidence or showcase one’s ability to integrate technology in the classroom (Marquez Chisholm 
& Padgett, 2004). Therefore, it is important that research around TPACK begin to utilize 
systematic and empirical methods in order to truly measure various domains of TPACK using 
multiple approaches. While open-ended questionnaire (N=8), observation (N=13) and interview 
(N=12) methods were beginning to be used more often in studies involving preservice teachers, 
some researchers in the field have started to utilize more mixed method measures to confirm and 
verify how preservice teachers develop their knowledge for integrating technology into subject 
specific teaching. However, this analysis has its limitation. It is worth noting that except for three 
of the studies reviewed (Bate, Day, & Macnish, 2013; Hofer & Grandgenett, 2012; Schmidt et 
al., 2009) there was no mention of extending the research conducted into a longitudinal 
investigation in which preservice teachers’ knowledge development could be examined 
throughout one’s teacher preparation program experience. It was more typical of a study to 
investigate a single scenario or course at a specific moment in time related to a preservice 
teacher’s development of TPACK. It seems worthwhile to explore the potential of collecting data 
over a longer period in future studies to inform educator preparation programs how preservice 
teachers are developing their TPACK knowledge over the course of the entire preparation 
program and during student teaching.  
 51  
Another limitation is that in order to focus specifically on preservice teachers’ 
development of TPACK, some well-known research studies that target inservice teachers were 
eliminated and not used in this synthesis. In addition, other seminal studies around Information 
and Communication Technology (ICT) and technology integration published prior to 2006 were 
not included in this analysis because the search focused on publications after the TPACK 
framework was named and introduced (Mishra & Koehler, 2006). Future studies might 
incorporate ICT or technology integration as part of the keyword search to widen the results that 
depict the historical development of technology integration situated in the TPACK framework.   
 
Conclusion 
In sum, the purpose of this literature review is to provide a thorough synthesis of prior 
literature around studies grounded in the conceptual framework of TPACK and conducted with 
preservice teachers. Thus, the focus is to synthesize and report the results from these studies to 1) 
identify various research methodologies used to investigate preservice teachers’ TPACK 
development and 2) report results of whether preservice teachers are actually developing TPACK 
at some point and/or during their teacher preparation program. It is hoped that this synthesis of 
literature can help direct future research in TPACK by building upon what researchers have 
already accomplished in order to keep improving how preservice teachers are prepared and how 
they actually use technology in a variety of teaching and learning contexts within their own 
teacher preparation program. 
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CHAPTER 3. EXAMINATION OF PRESERVICE TEACHERS’ DEVELOPMENT OF 
TECHNOLOGICAL PEDAGOGICAL CONTENT KNOWLEDGE (TPACK) AFTER 
COMPLETION OF CONTENT METHODOLOGY COURSES  
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Wei Wang 
 
ABSTRACT 
This study examines preservice teachers’ development of technological pedagogical content 
knowledge (TPACK) through triangulated assessments (i.e., survey, course syllabi, and 
interviews) after completing a series of required content methodology courses. Data were 
collected at multiple times during the teacher preparation program. Findings suggest that the 
methodology courses play a critical role in developing preservice teachers’ knowledge in content 
and pedagogy. Yet, lack of support in technology integration in PreK-6 classrooms may result in 
the decrease of TK, TCK, TPK and TPACK domains. 
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Introduction 
Technology knowledge has become an important component of effective teaching 
(Koehler & Mishra, 2009). However, there are concerns that teachers lack adequate opportunities 
to use technology in their classrooms (U.S. Department of Education, 2010). This has led to an 
emphasis on providing more opportunities for preservice teachers to use technology throughout 
their teacher preparation programs (Pellegrino, Goldman, Bertenthal, & Lawless, 2007). Still, the 
relationship between having technology knowledge and the ability to integrate it is difficult to 
evaluate. Technological Pedagogical Content Knowledge (TPACK) has emerged as a useful 
conceptual framework to help us understand the complexities that PreK-12 teachers encounter 
when integrating technology into their curricular practices (Mishra & Koehler, 2006). This 
framework emphasizes that it is ineffective to instruct teachers on how to use technology without 
appropriate integration in the context of pedagogical and content knowledge. 
Accordingly, technology must not then be treated as a separate knowledge or skill to be 
learned. TPACK is a valuable theoretical framework for thinking about what knowledge teachers 
need to have in order to integrate technology and how they can develop this knowledge. The 
framework contains seven domains, which are: 
● content knowledge (CK),  
● pedagogical knowledge (PK),  
● technology knowledge (TK),  
● pedagogical content knowledge (PCK),  
● technological content knowledge (TCK),  
● technological pedagogical knowledge (TPK),  
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● and finally, technological pedagogical content knowledge (TPACK) (Mishra & 
Koehler, 2006).  
Several researchers have begun to develop methods to measure TPACK and its sub-
domains (Archambault & Barnett, 2010; Archambault & Crippen, 2009; Harris, Grandgenett, & 
Hofer, 2010; Koehler, Mishra, & Yahya, 2007; Schmidt, Baran, Thompson, Kohler, Mishra, & 
Shin, 2009). However, further study is needed where triangulated assessments are used to 
measure preservice teachers’ TPACK (Hofer, Grandgenett, Harris, & Swan, 2011). 
Goodlad (1990) has been critical of teacher education because he believes there is a gap 
between teacher preparation and actual classroom practices. Over the years, teacher preparation 
programs were viewed to emphasize theory instead of actual teaching practices (Barone, 
Berliner, Blanchard, Casanova, & McGowan, 1996). Other researchers have since suggested that 
there is a lack of alignment among technology related topics covered in teacher education 
programs (Ottenbreit-Leftwich et al., 2012). Others have argued that teachers may not be fully 
aware of the possibilities technology can provide in classrooms to assist students’ learning in 
innovative ways (Maddux & Johnson, 2006). Discussions such as these have pushed scholars in 
the field to reconsider what knowledge and experiences, especially those related to technology, 
need to be included in a teacher preparation program (Lawless & Pellegrino, 2007). 
However, restructuring how technology is integrated throughout a teacher education 
program is complicated. Beck and Wynn (1998) indicated that the integration of technology in 
teacher preparation programs should be a continuous process. It usually occurs one of two ways. 
They explained that traditionally some teacher preparation programs offer one course about 
technology, and that course becomes the preservice teachers’ only experience for learning how to 
integrate technology. On the other hand, some programs have taken steps to integrate technology 
 64 
into the overall teacher education program by infusing technology into each course. Niess (2005) 
documented efforts taken to include technology in math methodology courses. This approach of 
preparing teachers by integrating technology in all courses in the teacher preparation program 
appears to be promising. This type of approach may help better prepare teachers’ knowledge 
development in technology, pedagogy and content areas (Duhaney, 2001). However, little 
research has been conducted to actually examine how this continuous approach to developing 
preservice teachers’ TPACK throughout a preparation program can be realized. 
To address these issues, the following study investigated whether preservice teachers, 
majoring in elementary education and early childhood education, develop TPACK over time 
during their teacher preparation program at a large Midwestern university. The research question 
for this study is, “if preservice teachers have developed their technological pedagogical content 
knowledge (TPACK) during their teacher preparation program, which includes the time from 
taking the required instructional technology course until completing all of their content 
methodology courses?” Thus, this study focuses on examining preservice teachers’ longitudinal 
development of TPACK during their teacher preparation program. Preservice teachers completed 
a questionnaire at different data collection points (i.e., administered before starting and after 
completing an instructional technology course and another one was completed after finishing all 
content methodology courses). In addition, other qualitative data from course artifacts and focus 
group interviews were used to support the findings. As a result, this study attempts to inform 
about how content methodology courses experience can influence preservice teachers’ 
development of the TPACK domains. 
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Literature Review 
This literature review focuses on topics around preservice teachers and their development 
of TPACK. Based on the research question, several themes will be discussed. The first section 
provides a short introduction to the TPACK framework. The second section contains an 
overview of the approaches typically used to prepare preservice teachers to use technology in 
teacher education programs. The last section addresses the current understanding of preservice 
teachers’ TPACK development. 
 
Defining TPACK 
Technological Pedagogical Content Knowledge (TPACK) was introduced to the 
educational research field as a conceptual framework for understanding the teacher knowledge 
that is required for technology integration (Mishra & Koehler, 2006; Thompson & Mishra, 
2007).  Expanding on Shulman’s (1986) theory of pedagogical content knowledge (PCK), 
TPACK focuses on situating technology knowledge within content and pedagogical knowledge 
(see Figure 1). While the idea of TPACK, with respect to technology integration, may not be 
totally new to the field, it provides researchers with a unique perspective on how to view 
technology integration in classroom settings. Mishra and Koehler (2006) explicitly constructed 
the framework visually so that it positions technology as a third and equal domain of teachers’ 
knowledge along with content and pedagogy. Several scholars have suggested that having a good 
understanding of the interplay between technology, pedagogy, and content can lead to effective 
teaching (Hughes, 2005; Neiss, 2005; Zhao, 2003). 
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Figure 1. The seven knowledge domains components of the TPACK framework. Reproduced by 
permission of the publisher, © 2012 by tpack.org graphic from http://tpack.org. 
  
Seven knowledge domains components are included in the TPACK framework. They are 
defined as: 
●    Technology Knowledge (TK): Knowledge about different technologies, 
including both low-tech and high-tech technologies. 
●    Content Knowledge (CK): Knowledge about the actual subject matter to be 
taught. 
●    Pedagogical Knowledge (PK): Methods and processes of teaching a subject 
matter. 
●    Pedagogical Content Knowledge (PCK): The content knowledge that deals 
with the teaching process (Shulman, 1986). 
●    Technological Content Knowledge (TCK): Knowledge of how technology 
can create new representations for specific content. 
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●    Technological Pedagogical Knowledge (TPK): Knowledge of how different 
technologies can be used in teaching, and to understand that using technology 
may affect how teachers teach. 
●    Technological Pedagogical Content Knowledge (TPACK): Knowledge 
required by teachers when integrating technology into their teaching in any 
content subject area (Schmidt et al., 2009b). 
TPACK is a useful conceptual framework for thinking about what knowledge teachers 
must have to integrate technology into teaching and how they might develop this knowledge. 
Schmidt et al. (2009b) indicated that using the TPACK framework might help when designing 
professional experiences, especially for preservice teachers. Therefore, researchers need to 
constantly reflect on the preparation practices that are being used in teacher education to better 
prepare future teachers. 
 
Preparing preservice teachers for using technology 
It is often difficult to identify the most effective approaches that can help preservice 
teachers develop their technology knowledge and integration skills for teaching in their future 
classrooms (Goktas, Yıldırım, & Yıldırım, 2008). Polly, Mims, Shepherds and Inan (2010) 
mentioned many programs’ initial attempt is to develop an introductory instructional technology 
course that is then included in the program requirements. After completing the introductory 
instructional technology course, preservice teachers are then expected to successfully integrate 
technology into their future teaching (Brush, Rutowski, Glazewski, Sutton, Hansen, & Bardsley, 
2002). However, Kay (2006) reported that preservice teachers indicated that they do not feel 
confident integrating technology in their teaching after just completing one course. Other 
researchers, such as Niess (2005), have suggested that technology skills should be integrated 
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throughout the teacher education program’s curriculum in order to provide teachers with the 
skills and experiences needed to apply technology to their specific content areas. Wetzel, Buss, 
Foulger and Lindsey (2014) also suggested reconsidering the format of stand-alone introductory 
technology courses and commented that this format may not provide the most effective 
preparation. 
However, this does not mean the stand-alone technology course is not important to 
preservice teachers. The stand-alone technology course still provides a critical component to 
preservice teachers’ development (Kleiner, Thomas, & Lewis, 2007). This course typically 
provides a basic foundation of technology integration and the skills developed can be transferred 
to methodology courses (Kleiner et al., 2007). So it appears important to examine how these 
foundational skills can be fostered and further enhanced in courses that preservice teachers take 
later in their preparation program. 
  
Preservice teachers’ development of TPACK 
Beginning teachers are generally confident with their level of knowledge in all seven 
domains of the TPACK framework (Jordan, 2011). However, Keating and Evans (2001) stated 
that although preservice teachers may feel comfortable with technology in their schoolwork, they 
are still having concerns about using technology for their future teaching. Recent research also 
shows that teachers often experience challenges to using their TPACK in a systematic and useful 
way (Hutchison, Beschorner, & Schmidt-Crawford, 2012). However, several studies have 
examined how preservice teachers’ TPACK knowledge was impacted after taking an 
instructional technology course. According to Schmidt et al. (2009), preservice teachers 
experienced statistically significant gains in all seven TPACK components after completing a 
required technology course, with the large increase in the areas of TK, TCK, and TPACK. Chai, 
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Koh, Tsai and Tan (2011) reported that pedagogical knowledge had a direct impact on TPACK 
at the beginning of the introductory technology course. In that study, the results revealed that 
preservice teachers made connections between their TK and PK to form TPK during the course, 
the direct relation between PK and TPACK became insignificant whereas the relations between 
PK and TPK, and TPK and TPACK became significant. The comparison between the pre- and 
post-course models also revealed that preservice teachers’ perceived understanding between CK 
and TPACK and changed from insignificant to significant. Based on Koh and Divaharan’s 
(2011) study, they found their participants primarily developed TK and TPK only during the ICT 
(Information and Communications Technology) course. Therefore, they strongly recommended 
the need to emphasize subject-focused pedagogical modeling, product critique, and peer sharing 
to help teachers’ develop their TCK and TPACK (p. 35). 
Some studies have sought to explain how methodology courses or practicum experiences 
may change preservice teachers’ knowledge of content, pedagogy, and technology. It is already 
known that limited pedagogical knowledge inhibited technology integration (Pamuk, 2011). 
Therefore, some scholars suggest that PCK can be developed through an integrative process 
embedded in classroom practice (Niess et al., 2009). Thus, PCK serves as a guide for teachers to 
react to dealing with a specific subject matter in the classroom. Kastberg and Leatham (2005) 
indicate the risk of having access to technology but without essential knowledge of related 
curriculum materials may discourage teachers from integrating technology into their classroom 
instruction. While there is limited study of this area, the results from Ozgun-Koca, Meagher, and 
Edwards (2010) indicate that preservice teachers’ understanding of technology shifted from 
viewing technology as a tool for reinforcement into viewing technology as a tool for developing 
student understanding. Nonetheless, Ozgun-Koca et al. (2010) pointed out that preservice 
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teachers still were skeptical about the appropriateness of using technology to help develop 
subject content concepts, specifically in mathematics. 
While most studies provide results on individual’s self-reported data related to his/her 
development of TPACK knowledge (Kereluik, Casperson, & Akcaoglu, 2010), such data are 
limited in measuring these individuals actual use and the integration of technology in classrooms. 
In other words, it is more difficult to provide concrete examples of what TPACK looks like in 
practice or what the characteristics are of the TPACK domains (Jaipal & Figg, 2010). As 
Kereluik et al. (2010) argued that in order for the measure of TPACK to be effective, researchers 
must observe how teachers apply their knowledge to their teaching. So and Kim (2009) also 
agreed that teachers may have high self-reported TPACK confidence, but pointed out that it is 
difficult for them to show that same level of TPACK confidence in their classrooms. 
This brief synopsis of the literature related to the research topic provides a starting point 
for further investigation. From this literature, the investigation about preservice teachers’ 
TPACK development after methodology courses is still limited. In the following section, the 
detailed research design is discussed. 
 
Methodology 
This section provides information about the research methodology used for this study. 
Descriptions about the research context, participants, data collection and data analysis are 
provided. 
  
Research Context 
Data were collected from 171 preservice teachers majoring in elementary education from 
a large Midwestern university. This group of participants had completed all or most of their 
 71 
content-specific methodology courses (e.g. literacy, mathematics, science and social studies). At 
this institution, all elementary education majors are required to take five methodology courses: 1. 
Teaching Reading and Language Arts for Primary Grades (PreK-3), 2. Teaching Reading and 
Language Arts for Intermediate Grades (4-6), 3. Teaching Children Mathematics, 4. Teaching of 
Science, and 5. Teaching of Social Studies. Except for social studies, each methodology course 
has a supervised classroom-based practicum experience. 
All preservice teachers had also completed the required, introductory technology course 
prior to taking the methodology courses. Once they complete the introductory technology course, 
students typically start taking the content-specific methodology courses that are required for their 
area of specialization. Although it is not required, if preservice teachers are interested to learn 
more about technology in classroom, they can also enroll in a Learning Technologies Minor. 
This minor requires a minimum of 16 credits, with at least six credits taken at this Midwestern 
university in courses numbered 300 or above. Preservice teachers then enroll in their 
methodology courses, commonly called Block I and Block II, over a two-semester time frame 
(see Table 1). The Social Studies methodology course is treated as a course outside Block I and 
II.  Preservice teachers attending this university typically start taking the methodology courses in 
the second semester of their junior year (Block I) and first semester of their senior year (Block 
II). Preservice teachers in Block I take the literacy for primary grades and math method classes 
on Monday and Wednesday for the first 9 weeks of the 15-week semester. Then, the on-campus 
classes stop, and the school-based practicum experiences begin. So, preservice teachers are 
placed with a cooperating K-3 teacher in school all day on Monday and Wednesday for 4 weeks 
to apply what they have learned in their two methodology classes. During the practicum 
experience, students are also supervised by a university supervisor to provide feedback and 
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evaluation. The 4-week practicum ends, and the Monday/Wednesday on-campus classes resume 
for 2 weeks until the end of the semester.   
Block II includes methodology courses for literacy for the intermediate grades and 
science. The scheduling of the classes changes slightly during Block II. Students attend the 
courses on campus for the first 5 weeks of the semester on Tuesdays and Thursdays, and then 
they complete their practicum experience all day on Tuesdays and Thursdays for 4 weeks in 
schools. After completing the practicum, the preservice teachers return to campus and resume the 
method courses for 6 weeks until the end of the semester. The social studies method course has a 
prerequisite of Block I so it varies when students complete this course (e.g. in summer, during 
Block II…etc.). 
Table 1 
Organization of Methodology Courses for Elementary Education/ Early Childhood Education Majors 
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Participants 
267 preservice teachers who completed their methodology courses (e.g., Blocks I and II) 
were asked to participate in the study. They were asked to complete the Survey of Preservice 
Teachers’ Knowledge of Teaching and Technology (Schmidt et al., 2009). The survey was 
administered during the last week of each semester in Spring 2012, Fall 2012, Spring 2013, Fall 
2013, Spring 2014, Fall 2014 and Spring 2015. Of the 267 preservice teachers who were 
surveyed between Spring (April) 2012 to Spring (April) 2015, only the responses from 
participants who had also completed the surveys at the beginning (pre-test) and end of the 
introductory instructional technology course (post-test) were used. In order to help the 
researchers to keep track of preservice teachers’ three-time responses, their email addresses were 
used as the identifier. Using these exclusion criteria, the researchers analyzed the data from a 
total of 171 preservice teachers who voluntarily participated in the study and completed the 
surveys all three times (See Table 2). The survey was administered the first time at the first week 
of the semester when preservice teachers were taking their introductory technology course. It 
was administered the second time during the last week of introductory technology course. The 
preservice teachers took the survey for the third time after they finished taking their methodology 
courses. These data were collected to measure the preservice teachers’ perceptions about how 
their knowledge about TPACK had developed between taking the required instructional 
technology course and completing all methodology courses (approximately 2 years). 
Table 2 
Administration of TPACK Survey 
T 
Time 1 Time 2 Time 3 
TPACK Survey 
Administered 
First Week of 
Introductory Technology 
Course 
Last Week of 
Introductory  
Technology Course 
Completion of 
Methodology Courses 
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Of the 171 preservice teachers who participated in the study, 154 (90.1%) were female, 
and 17 (9.9%) were male. In addition, 149 (87.1%) had completed the two literacy methodology 
courses, 155 (90.6%) had completed the science methodology course, 162 (94.7%) had 
completed the mathematics methodology course, but only 81 (47.4%) had completed the social 
studies methodology course. Nearly 54 percent (53.3%) of the respondents (n=91) were 
scheduled to student teach in 2013. It is worth noting that after completing the introductory 
instructional technology course, 66.1% of the participants had not completed any type of 
practicum experience. This indicates that, at this particular institution, students are encouraged to 
take the instructional technology course before taking Block I. Out of 171 preservice teachers, 
14% (n=24) of the preservice teachers were signed up for the Learning Technologies Minor. 
Preservice teachers in the elementary education major also need to have at least one 
specialization. The specialization list includes the following options: Art, English and Language 
Arts, Foreign Language, Health, History, Special Education (Instructional Strategist), 
Mathematics, Music, Science, Social Studies and Speech/Theater. The majority of responses 
could be found in three areas, including 42 students with a specialization in mathematics 
(24.6%), 30 responses (17.5%) were in instructional strategist endorsement and 41 (24%) 
respondents were in English and Language Arts specialization.   
 
Research Design 
This study utilized a convergent parallel research design (Creswell & Plano Clark, 2011). 
There are four steps to the convergent parallel design (also known as the convergent design) 
process.  First, researchers collect both quantitative data and qualitative data about the 
investigated topic. The two sets of data are collected in the same time frame but are independent 
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of each other. In other words, one data collection does not depend on the results of the other. 
After data collection, the researcher analyzes the data separately using the appropriate 
quantitative and qualitative analysis procedures. The key is to keep both portions separate during 
the analysis and combine the results during the overall interpretation (see Figure 2). 
 
Figure 2. Convergent parallel design process (Creswell & Plano Clark, 2011). 
 
Research Procedures and Data Collection 
Data were collected at the end of Spring 2012, Fall 2012, Spring 2013, Fall 2013, Spring 
2014, Fall 2014, and Spring 2015 semesters from 171 preservice teachers. The data included 
both quantitative and qualitative measures. For this study, the Survey of Preservice Teachers’ 
Knowledge of Teaching and Technology (Schmidt et al., 2009) was again administered online to 
preservice teachers after they completed the Block II methodology courses (see Table 2). The 
internal consistency reliability (coefficient alpha) ranged from .75 to .92 for the seven TPACK 
subscales. This range is considered to be acceptable to excellent (George & Mallory, 2001). This 
survey was specifically developed to understand elementary education preservice teachers’ 
knowledge development in the areas of technology, pedagogy, and content. The survey includes 
9 demographic questions, 47 5-scale Likert items, 3 multiple-choice items and 3 open-ended 
questions designed to measure preservice teachers’ self-perception of knowledge development in 
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all seven TPACK constructs. Typically, preservice teachers spend 15 to 20 minutes to complete 
the survey response each time. 
Qualitative data were also collected during the data collection period. Four 30-minute 
instructor interviews were conducted with one course instructor from each of the methodology 
courses (mathematics, literacy, science, and social studies). The interview questions focused on 
topics related to the instructors’ observations of preservice teachers’ knowledge development 
and their course planning. In addition to instructor interviews, five preservice teachers 
volunteered to participate in a focus group interview. The focus group interview confirmed the 
preservice teachers’ thoughts about technology integration efforts during their methodology 
courses and practicum experiences. All interviews were recorded and then later transcribed. In 
addition, the course syllabus from each methods course was collected to further investigate the 
evidence of how technology was integrated into each course.   
 
Data Analysis 
Data were analyzed using both quantitative and qualitative methods. For quantitative 
analysis, a series of 10 1×3 repeated-measure (RM) ANOVAs with Time (Time 1, Time 2, Time 
3) as a within objects factor, and composite scores on each of the seven TPACK elements as 
dependent measures (TK, PK, CK, TCK, PCK, TPK and TPACK). CK was separated into 4 sub-
units based on the specific content areas CK Literacy (CKL), CK Mathematics (CKM), CK 
Science (CKS), and CK Social Studies (CKSS). Due to the need to conduct 10 independent 
statistical tests, the Bonferroni correction was used to control for Type II errors. 
         Additional data analysis involved using qualitative methodologies. Specifically, a 
summative content analysis was used to analyze the interview data and the course syllabi. 
Summative content analysis involved counting and comparisons of content, followed by the 
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interpretation of the underlying context. Data sources for this procedure came from the interview 
transcripts (instructors and focus group), and each course’s syllabus. The researcher focused on 
finding recurring patterns or keywords in the data. After identifying the recurring patterns and 
keywords, the researcher categorized them as themes (see Table 3). Then, the researcher 
compared the themes identified from the summative content analysis with the results from the 
statistical analysis (see Figure 2).   
Table 3 
Data comparison table: Theme example 
Theme Quantitative Analysis Qualitative Analysis 
Not enough 
preparation for 
real classroom 
       Social Studies (CK_SS) dropped 
significantly (Time 2, Time 3): 
 
“I felt I was not confident to teach 
social studies.” - (Student focus 
group interview) 
“We didn’t have practicum for 
social studies.” - (Student focus 
group interview) 
“CI 443 doesn’t have practicum 
like other method courses.”- 
(Social studies method course 
instructor interview) 
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Findings 
In this section, the analysis of the data gathered is organized around the three 
foundational domains of TPACK - CK, PK, and TK. 
 
Content Knowledge (CK) Domains 
The research question that guided this study was stated as follows: If preservice teachers 
developed their technological pedagogical content knowledge (TPACK) during their teacher 
preparation program, which includes the time from taking the required instructional technology 
course until completing their methodology courses? 
Responses from the TPACK survey and interviews were analyzed to understand the 
continued development of the preservice teachers’ technological pedagogical content knowledge 
during the methodology courses taken as part of their preparation program. 
From the results, preservice teachers’ literacy content knowledge (CKL) was the only content 
knowledge that showed a significant increase between the three-time measurements (see Figure 
3). A repeated measures ANOVA with a Greenhouse-Geisser correction determined that CKL 
differed statistically significantly between time points (F(1.767,300.307) = 48.76, p < 0.001, 
MSe = 7.93, hp2 = 0.223). Bonferroni Post-hoc analyses revealed that the mean score for literacy 
content knowledge at time one (M= 3.87, SD = 0.53) was less than the mean score for time two 
(M= 4.10, SD = 0.46). With the increase from time one to time two, which was considered to be 
statistically significant (p < 0.001). There was also an increase in mean scores between times two 
and three (M= 4.10, SD = 0.46; M= 4.27, SD = 0.47, p < 0.001 respectively). The first theme, 
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Figure 3. Mean differences of preservice teachers’ content knowledge domains during three data 
collection points. 
 
inconsistent methodology course requirements on the number of courses and practica, emerged 
from the qualitative data provided by preservice teachers may help explain this increase. As one 
student stated, “For literacy, we have to take two courses. But only one for other subject areas” 
[Student focus group interview]. A method course instructor also commented, “Students have to 
take two literacy method courses and do two practica” [Course instructor interview]. 
Results also indicate that both mathematics and science showed only a very slight 
increase from time two to time three, and that social studies was the only subject area that the 
preservice teachers showed a significant decrease between time two and time three. A repeated 
measures ANOVA with a Greenhouse-Geisser correction determined that CKSS differed 
statistically significantly between time points (F(1.766,300.223) = 16.19, p < 0.001, MSe = 4.37, 
hp2 = 0.087). Bonferroni Post-hoc analyses revealed that preservice teachers’ mean score for 
social studies content knowledge at time one (M= 3.57, SD = 0.64) was less than the mean score 
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for time two (M= 3.87, SD = 0.66). With the increase from time one to time two, which was 
considered to be statistically significant (p < 0.001). There was also a decrease in mean scores 
between times two and three (M= 3.87, SD = 0.66; M= 3.71, SD = 0.66, p = 0.03 respectively). 
Even with the significant decrease from time two to time three, the mean scores between time 
one and time three were still considered to be increased significantly (p = 0.025). During the 
focus group interviews, the same theme, inconsistent methodology course requirements, was 
categorized when preservice teachers expressed their concerns that, “We didn’t have practicum 
for social studies” during a student focus group interview. The social studies methodology course 
is the only methodology course at this institution that does not have practicum associated with it. 
This has led preservice teachers to realize they do not have enough practice to teach social 
studies in a real classroom (Theme two: Not enough preparation for the real classroom). Several 
preservice teachers commented during the focus group interview that “I felt I was not confident 
to teach social studies.” 
 
Pedagogical Knowledge (PK) Domains 
In the self-reported score results, all PK related domains increased in both between time 
one and time two and between time two and time three (see Figure 4). A main effect was found 
for both PK (F(1.956,332.515) = 100.02, p < 0.001, MSe = 16.74, hp2 = 0.370) and PCK 
(F(1.905,323.779) = 71.23, p < 0.001, MSe = 13.16, hp2 = 0.295). Bonferroni Post-hoc analyses 
revealed that the mean score for Pedagogical knowledge at  
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Figure 4. Mean differences of Preservice teachers’ pedagogical knowledge related domains 
during three data collection points. 
 
time one (M= 3.68, SD = 0.51) was less than the mean score for time two (M= 4.03, SD = 0.50). 
Both PK and PCK’s mean scores between times two and three significantly increased (PK: M= 
4.03, SD = 0.50; M= 4.30, SD = 0.43, p < 0.001 respectively) (PCK: M= 3.87, SD = 0.55; M= 
4.05, SD = 0.46, p < 0.001 respectively). These findings related to pedagogical knowledge reveal 
that preservice teachers’ perception of their pedagogical knowledge increased steadily during the 
period of the study. Another theme emerged from the focus group interview was “various 
opportunities to interact with different learning approaches”. Preservice teachers frequently 
commented that different teaching approaches were introduced to them during the method 
courses. As one preservice teacher stated, “I learned different teaching approaches in all my 
method courses” [student focus group]. During the student focus group, preservice teachers also 
shared they had to teach mini lessons for different method courses that helped them develop their 
teaching skills. They commented, “Our instructors asked us to submit lesson plans and do group 
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or individual lesson teaching in front of the whole class.” Methodology course instructors also 
confirmed the preservice teachers’ statements during their interviews. As one course instructor 
commented, “Students have to work with their peer to plan a lesson and teach in front of the 
class” [course instructor interview]. 
 
Technological Knowledge (TK) Domains 
  
While the entire PK related domains increased related to the TPACK frame, the TK 
related domains actually decreased between time two and time three (see Figure 5). A repeated 
measures ANOVA with a Greenhouse-Geisser correction determined that TK differed 
statistically significantly between time points (F(1.829,310.929) = 38.69, p < 0.001, MSe = 8.67, 
hp2 = 0.185). Bonferroni Post-hoc analyses revealed that the mean score for Technology 
knowledge at time two (M= 3.86, SD = 0.53) is significantly higher than time one (M= 3.43, SD 
= 0.66) with the p-value less than 0.001. But, there was a decrease in mean scores between time 
two and three (M= 3.86, SD = 0.53; M= 3.68, SD = 0.63, p = 0.001 respectively). Even with the 
significant decrease from time two to time three, the mean scores between time one and time 
three were still considered to be significantly increased (p < 0.001). A main effect was found for 
TCK (F(1.916,325.652) = 92.79, p < 0.001, MSe = 35.55, hp2 = 0.353). Bonferroni Post-hoc 
analyses revealed that the mean score for Technological Content Knowledge at time two (M= 
4.06, SD = 0.57) was significantly higher than the mean score for time one (M= 3.18, SD = 0.74) 
with the p-value less than 0.001. However, there was a decrease in mean scores between times 
two and three (M= 4.06, SD = 0.57; M= 3.77, SD = 0.66, p < 0.001 respectively). Even 
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Figure 5. Mean differences of preservice teachers’ technology knowledge related domains 
during three data collection points. 
 
with the significant decrease from time two to time three, the mean scores between time one and 
time three were still considered to be significantly increased (p < 0.001). 
A main effect was also found for TPK (F(1.873,318.442) = 47.31, p < 0.001, MSe = 9.79, 
hp2 = 0.218). Bonferroni Post-hoc analyses revealed that the mean score for Technological 
Pedagogical Knowledge at time two (M= 4.35, SD = 0.43) was significantly higher than the 
mean score for time one (M= 3.88, SD = 0.50) with the p-value less than 0.001. There was 
another slight decrease in mean scores between times two and three (M= 4.35, SD = 0.43; M= 
4.11, SD = 0.52, p < 0.001 respectively). Even with the decrease from time two to time three, the 
mean scores between time one and time three were still considered to be increased significantly 
(p < 0.001). 
Finally, a main effect was found for TPACK (F(1.863,316.674) = 71.94, p < 0.001, MSe 
= 16.25, hp2 = 0.297). Post-hoc analyses revealed that the mean score for Technological 
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Pedagogical Content Knowledge at time two (M= 4.14, SD = 0.45) was significantly higher than 
the mean score for time one (M= 3.57, SD = 0.55) with the p-value less than 0.001. Again, there 
was a slight decrease in mean scores between times two and three (M= 4.14, SD = 0.45; M= 
3.99, SD = 0.53 respectively, p = 0.003). Even with the decrease from time two to time three, the 
mean scores between time one and time three were still considered to be increased significantly 
(p < 0.001) (see Figure 5). 
From the student focus interviews, it became evident that preservice teachers seldom saw their 
practicum teachers using technology in classrooms. The preservice teachers were surprised to 
find different technology tools at the schools where they were doing their practica, but the K-6 
teachers were not using them. Therefore, a theme called “lack of meaningful technology 
modeling” was created based on the qualitative analysis. During the focus group interview, one 
preservice teacher commented, “My supervising teachers only use ELMO for teaching. I felt 
really bad when I found an interactive whiteboard abandoned in the building. It would be great to 
use it for teaching.” A methods course instructor also commented that she did not really know 
what preservice teachers were doing in the four-week practicum since practicums are supervised 
by a university supervisor. One instructor stated, “I asked students (preservice teachers) to write 
a reflection about the practicum experience, but I don’t really have control of what they have to 
do in these four weeks” [Course instructor interview]. Another interesting theme (The difference 
of technology integration into different subject matters) emerged from the focus group interview 
on the differences of how technology was integrated into each content area methodology course. 
Several students shared that they were introduced to different technologies and saw how the 
instructor modeled the lesson by using the  
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Table 4 
TPACK One Way Repeated Measure ANOVAs with Post Hoc Test  
 
  
Time 1 (T1) 
 
  
Time 2 (T2) 
  
Time 3 (T3) 
     
Domains M SD  M SD  M SD  F p η2 Bonferroni 
Procedure 
TK 3.43 0.66  3.86 0.53  3.68 0.63  38.690 <0.001** 0.185 T1-T2: p<0.001** 
T2-T3: p=0.001** 
T1-T3: p<0.001** 
 
PK 3.68 0.51  4.03 0.50  4.30 0.43  100.018 <0.001** 0.370 T1-T2: p<0.001** 
T2-T3: p<0.001** 
T1-T3: p<0.001** 
 
CKL 3.87 0.53  4.10 0.46  4.27 0.47  48.756 <0.001** 0.223 T1-T2: p<0.001** 
T2-T3: p<0.001** 
T1-T3: p<0.001** 
 
CKM 3.61 0.75  3.94 0.66  3.95 0.70  27.081 <0.001** 0.137 T1-T2: p<0.001** 
T2-T3: p=1 
T1-T3: p<0.001** 
 
CKS 3.41 0.73  3.75 0.61  3.77 0.66  25.463 <0.001** 0.130 T1-T2: p<0.001** 
T2-T3: p=1 
T1-T3: p<0.001** 
 
CKSS 3.57 0.64  3.87 0.66  3.71 0.66  16.188 <0.001** 0.087 T1-T2: p<0.001** 
T2-T3: p=0.03* 
T1-T3: P=0.025* 
 
TCK 3.18 0.74  4.06 0.57  3.77 0.66  92.792 <0.001** 0.353 T1-T2: p<0.001** 
T2-T3: p<0.001** 
T1-T3: p<0.001** 
 
PCK 3.52 0.55  3.87 0.55  4.05 0.46  71.230 <0.001** 0.295 T1-T2: p<0.001** 
T2-T3: p<0.001** 
T1-T3: p<0.001 
 
TPK 3.88 0.50  4.35 0.43  4.11 0.52  47.308 <0.001** 0.218 T1-T2: p<0.001** 
T2-T3: p<0.001** 
T1-T3: p<0.001** 
 
TPACK 3.57 0.55  4.14 0.45  3.99 0.53  71.944 <0.001** 0.297 T1-T2: p<0.001** 
T2-T3: p=0.003** 
T1-T3: p<0.001** 
Note. The shaded areas represent negative significant p value.  
• p < .05 
** p < .01 
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different technologies in literacy methodology courses, but not as many opportunities like this 
happened in the other content methodology courses. One student noted, “We have to teach 
lessons using the interactive whiteboard in our literacy method course, but for other classes, 
instructors shared the technology resources but didn’t model how to use them.” One instructor 
also confirmed this during the interview by stating, “I need to use more technology” [Course 
instructor interview]. 
 
Discussion 
While a P value can inform the reader whether an effect exists, the P value will not reveal 
the size of the effect. In order to determine the size of the effect, Cohen (1988, pp. 280–287) had 
suggested values of .01, .06, and .14 to indicate small, medium, or large effects for any measure 
of the proportion of variance explained. From the results reported above, it is worth noting that 
most of the domains have large effect sizes (ex. TK, CKL, PK, TCK, PCK, TPK, TPACK) and 
the remaining domains have medium effect sizes (ex. CKM, CKS, CKSS).  
From comparing the mean differences in different knowledge domains, all the PK 
associated domains (PK and PCK) all show positive significance (< 0.001) in the Repeated 
Measure ANOVA comparison. This result confirms what Zechner (2010) reported in the study 
that method courses with practicum experience often help preservice teachers develop their 
teaching strategies. According to the results from the preservice teacher focus group interview, 
one preservice teacher specified, “I learned different teaching approaches in all my method 
courses”. However, several preservice teachers also pointed out there were potential issues with 
the practicum arrangement as well. 
 87 
“Because there aren’t enough teachers to take practicum students, some get assigned to social 
studies classroom for science practicum. Some students (preservice teachers) have limited chance 
to observe teachers to teach certain subject area.” [Student response - Focus group interview] 
When preservice teachers have limited access to observe and learn in a real classroom, it will be 
difficult for them to develop PCK properly (Niess et al., 2009). When this type of situation 
happens, it may impact how preservice teachers react to specific subject matter in an actual 
classroom. 
Another interesting finding is related to content knowledge development. The results 
varied based on different subject areas. While literacy (CKL) increased with positive 
significance (p < 0.001), mathematics and science (CKM and CKS) mirrored each other with a 
very slight increase between time two to time three. On the other hand, social studies dropped 
significantly (p = 0.03) in a negative direction. Several students who participated in the focus 
group interview commented on the result: 
“We didn’t have practicum in social studies” [Student response - Focus group interview] 
“I felt I was not confident to teach social studies” [Student response - Focus group interview] 
“For literacy, we have to take two courses. But only one for other subject areas” [Student 
response - Focus group interview] 
While literacy requires preservice teachers to take two methodology courses at this 
institution, mathematics, science and social studies only have one methodology course. 
Furthermore, social studies did not include the practicum component. Preservice teachers were 
very uncertain about their knowledge growth in this subject matter as well as their pedagogical 
development. 
It is also worth noting that all the means of the TK associated domains (TCK, TPK, and 
TPACK) decreased between time two and time three after completing methodology courses. 
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This could be a result of lack of technology use and integration in the methodology courses. 
Several preservice teachers indicated literacy was the only method course that included 
opportunities to learn about technologies, such as interactive whiteboard and iPad apps that could 
be used while teaching literacy. Preservice teachers also shared other method courses 
incorporated technology elements in a certain way to share resources, but modeling examples of 
teaching with technology was seldom provided in other methods courses, especially during 
practica as well. One preservice teacher commented: 
“A lot of method course instructors asked preservice teachers to write technology integrated 
lesson plan, but didn’t explain how technology can be incorporated (lack of modeling)” [Student 
response – Focus group interview] 
According to Koh and Divaharan (2011), subject-focused pedagogical modeling is one of 
the key components for preservice teachers to develop their TCK and TPACK. Without proper 
partnership and collaboration between students, methodology courses instructors and supervising 
teachers (mentor teachers), preservice teachers may not have confidence in integrating 
technology into their teaching (Kay, 2006). 
One other interesting finding from this study was that some preservice teachers 
commented in the open-ended questions that method course instructors did demonstrate a variety 
ways to integrate technology into content area instruction. The preservice teachers reported they 
gained experiences of using technologies (e.g. iPad, Wiki, Comic Life and Interactive 
Whiteboard) while completing some of the method courses. Yet, few opportunities arose in their 
practicum experiences to incorporate technology. Preservice teachers were surprised that the 
most common technology being used in classrooms was a visual presenter. One preservice 
teacher commented in the focus interview, “I was really surprised the only technology the 
teacher was using is ELMO. They (supervising teachers) seldom use technology at all. I felt 
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there was a huge gap between our method courses and the real classroom.” Thompson, Schmidt 
and Davis (2003) explained in their study about the importance placing both preservice and 
inservice teachers together in classrooms to collaboratively find ways to integrate technology 
into the curriculum as a way to increase the comfort level of using technology. However, if part 
of the community is resistant or not using the technology, the effectiveness of the desired 
outcome can be weakened (Carroll et al., 2003). 
Future Implications and Conclusion 
  
The results suggest that there is work to be done related to developing preservice 
teachers’ TPACK during methodology courses. In this study, preservice teachers showed a slight 
increase in their self-assessed CK and PK, while TK, TCK, TPK, and TPACK actually decreased 
between taking the instructional technology course and after their methodology courses. 
Feedbacks from preservice teachers indicate minimal support for integrating technology from 
their practicum teachers or schools as well. This may provide a base for later work in monitoring 
specific content area courses. In order for this to happen, we must provide direction and support 
for methods instructors and practicum teachers to design TPACK experiences for preservice 
teachers that are specific to their content area. More professional development or mentoring 
opportunities need to be provided in order to support instructors and teachers with incorporating 
technology during instruction. As a teacher preparation program, relying on one technology 
course may not be enough. More systematic planning of incorporating technology into all teacher 
education courses is greatly needed.  
Although the qualitative data from course instructor interviews and preservice teacher 
focus group interview provides some insights about the results shown in the quantitative 
analysis, actual observations of the instructors and K-6 teachers were not completed. Therefore, 
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additional data that observes classroom behaviors would be an important next step for this body 
of research. The plan is to observe and evaluate preservice teachers’ behaviors in practicum 
settings and compare these data with codes on the TPACK instrument. These data will contribute 
to the further validation of the TPACK questionnaire and provide information beyond the self-
reported data. 
Overall, longitudinal assessments such as this will provide a means to help both 
preservice teachers and teacher education faculty focus specifically on experiences and behaviors 
that encourage the development of TPACK throughout the teacher education preparation 
program. Studies such as this can provide teacher education programs with useful information to 
improve how preservice teachers are prepared with respect to using technology in alignment with 
strong content and pedagogical knowledge. 
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CHAPTER 4. A PREK-6 PRESERVICE TEACHER’S JOURNEY TO DEVELOP 
TPACK: A CASE STUDY 
A paper to be submitted to Contemporary Issues in Technology and Teacher Education:  
English and Language Arts Section 
 
Wei Wang 
 
ABSTRACT 
This case study investigated how prepared a preservice teacher was to use technology for 
teaching during a literacy practicum experience. Both qualitative (classroom observation and 
follow-up interview) and quantitative (survey response) data were collected in the Spring 
semester 2015 to confirm the actual TPACK development of a preservice teacher as she 
completed a practicum experience as required for the teacher education preparation program. 
Findings revealed the preservice teacher was able to successfully integrate technology into her 
teaching. In addition, all seven TPACK domains were observed during the preservice teacher’s 
two teaching episodes. Three themes (emphasis on pedagogical knowledge development, 
modeling for preservice teachers and trajectory of TPACK) were further examined to offer 
possible suggestions for the teacher preparation program to consider. 
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Introduction 
Recognizing the importance of technology integration in preservice teacher training, the 
International Society for Technology in Education (ISTE) established the ISTE standards for 
administrators, teachers, and students as a national initiative. These standards provide a 
framework in which technology integration has become an essential part of teaching and learning 
in consistent and systematic ways (ISTE, 2014). Beck and Wynn (1998) also stated that the 
integration of technology in teacher preparation programs should be a continuous process. 
Despite the recognition of the need, teacher education programs still struggle to teach and model 
meaningful technology integration practices in the preparation of their preservice teachers 
(Bakir, 2015). 
In order to address this issue, teacher education programs have allocated extensive efforts 
and funds to develop different approaches and strategies to better prepare preservice teachers to 
integrate technology. Traditionally, most teacher education programs offer a stand-alone 
instructional technology course as part of the required core courses in the teacher preparation 
program (Buss, Wetzel, Foulger, & Lindsey, 2015). Based on Buss et al.’s (2015) research, it 
was revealed that the required technology course is usually a course offered for 1-4 credits with a 
focus that ranges from helping preservice teachers develop necessary computer skills to design 
technology-rich lesson plans. Nevertheless, such a course may help preservice teachers develop 
confidence and skills in using technology (Bai & Ertmer, 2008; Foulger, Buss, Wetzel, & 
Lindsey, 2012), but preservice teachers still typically lack the skills to facilitate meaningful 
technology integration into their teaching upon graduation (Brown & Warschauer, 2006; 
Wachira & Keengwe, 2011). In essence, the actual use of technology in the instruction was 
found to be influenced by teachers’ perceptions of the usefulness of the technology for content 
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and pedagogy purposes (Hughes, 2005). Aiming to resolve this problem, some teacher education 
programs have actually taken steps to integrate technology into the overall teacher education 
program by infusing technology throughout the program in each course (Wetzel, Buss, Foulger, 
& Lindsey, 2014). In particular, Niess (2005) documented efforts taken to include technology in 
math methodology courses. This approach of preparing teachers by integrating technology in all 
courses in the teacher preparation program appears promising, which might help better prepare 
teachers’ knowledge development in technology, pedagogy and content areas (Duhaney, 2001). 
More needs to be done to help us understand how preservice teachers develop their 
TPACK knowledge throughout their time in a teacher preparation program. The research 
question of this study investigated “how prepared is a preservice teacher to use technology for 
literacy instruction during a practicum experience?”  
A review of the literature follows, which highlights current trends in three areas that 
inform the design and results of the study: What is TPACK?; qualitative methods used to 
measure TPACK; and preservice teachers’ development of TPACK in methodology courses. 
 
Literature Review 
 
What is TPACK?  
 Technological Pedagogical Content Knowledge (TPACK) was introduced to the 
educational research field as a conceptual framework for understanding teacher knowledge 
required for technology integration (Mishra & Koehler, 2006).  Although TPACK evolved from 
Shulman’s (1986) theory of pedagogical content knowledge (PCK), it focuses on the interplay 
between technology, pedagogy, and content knowledge that teachers require for successfully 
integrating technology.  
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The TPACK framework provides researchers with a useful perspective to view 
technology integration in a classroom setting. Moreover, the emphasis of the blended knowledge 
domains (TCK, TPK, PCK and TPACK) also provide a starting point for defining this 
framework. The TPACK framework includes seven knowledge domains which include 
technology knowledge (TK), content knowledge (CK), pedagogical knowledge (PK), 
pedagogical content knowledge (PCK), technological content knowledge (TCK), technological 
pedagogical knowledge (TPK) and technological pedagogical content knowledge (TPACK). TK, 
CK and PK can be categorized as the core knowledge domains. TK represents the knowledge of 
technology tools ranging from low-tech tools to digital technologies. CK represents the 
knowledge of subject matters. PK refers to the knowledge of teaching approaches. On the other 
hand, PCK, TCK, TPK and TPACK can be categorized as the blended knowledge domains that 
require teachers to think about multiple knowledge bases while preparing instruction and 
teaching in classrooms. First promoted by Shulman (1986), PCK means the knowledge of 
teaching approaches used for specific subject matter. TCK stands for the knowledge of subject 
matter representation with technology. As for TPK, it refers to the knowledge of the pedagogical 
methods used when teaching with technology. Finally, for TPACK, it represents the knowledge 
of using technology that incorporate teaching approaches for specific subject matter.  
 
 101 
Figure 1. The TPACK framework. Reproduced by permission of the publisher, © 2012 by 
tpack.org. 
 
Qualitative Research Methods Used to Measure TPACK 
Ever since the establishment of TPACK, numerous scholars have developed related 
curriculum, texts, professional development modules, and advancements to help define and 
understand the framework (Archambault, 2016). As subsequent research progressed, instead of 
focusing on how to interpret TPACK, the trend shifted to different measurement methods to see 
how teachers develop TPACK. While most studies provide results on teachers’ self-report data 
related to their development of TPACK (Kereluik, Casperson, & Akcaoglu, 2010), such data are 
limited in measuring these individuals actual use and integration of technology in classrooms.  
In addition to survey instruments, researchers have investigated TPACK using other 
research methods. Based on the method categories proposed by Gall, Gall, and Borg (2007), 
there are four other types of measurements identified. Researchers have used performance 
assessment rubrics (e.g., Angeli & Valanides, 2009; Harris, Grandgenett, & Hofer, 2010) with 
the focus on analyzing teachers’ lesson plans; open-ended questionnaires (e.g., Robertshaw & 
Gillam, 2010; So & Kim, 2009), which typically gather teachers’ written responses to pre-
developed questions included in a questionnaire or survey; interviews (e.g., Harris et al., 2012; 
Mishra, Peruski, & Koehler, 2007; Ozgun-Koca, 2009) with the focus on collecting information 
from a series of interview questions to assess teachers’ TPACK; and observation (e.g., Hofer, 
Grandgenett, Harris, & Swan, 2011; Koehler, Mishra, & Yahya, 2007), which investigate 
teachers’ teaching performances during classroom settings. 
Although different research approaches have been used to investigate preservice teachers’ 
TPACK development, the majority of the data over the years were collected using self-reporting 
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techniques like a survey or questionnaire. While self-reported data still lead to important findings 
that inform teachers’ TPACK development, self-reported data may not provide enough evidence 
or capture the manner or extent of technology integration in the actual classroom (Marquez 
Chisholm & Padgett, 2004). Therefore, it is relatively important that research also utilize other 
systematic methods, such as observations and interviews, to truly reflect on how preservice (and 
inservice teachers) develop TPACK.  
 
Preservice Teachers’ Development of TPACK in Methodology Courses 
Field experience is a fundamental component of teacher preparation, and preservice 
teachers have traditionally identified the field experience component as one of the most 
important elements in their teacher preparation experience (Blue Ribbon Panel, 2010). Since 
technology is considered a critical element or skill to be learned throughout a preparation 
program, it is important to allow preservice teachers the opportunity to witness how technology 
can be effectively integrated into classroom contexts during the field experience/practicum 
(Polly et al., 2010). As a result, several studies have sought to explain how methodology courses 
or practicum experiences may impact preservice teachers’ knowledge of content, pedagogy, and 
technology. For instance, Pamuk (2011) identified that preservice teachers’ limited pedagogical 
knowledge inhibits technology integration (Pamuk, 2011). Therefore, some scholars suggest that 
PCK can be developed through an integrative process embedded in classroom practice (Niess et 
al., 2009). Thus, PCK serves as a guide for teachers dealing with a specific subject matter in the 
classroom. Kastberg and Leatham (2005) mention that without having essential knowledge of 
related curriculum materials, teachers at any level of preparation may be discouraged to integrate 
technology into their classroom instruction.  
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While results are limited, Ozgun-Koca, Meagher, and Edwards (2010) reported 
promising findings that indicate preservice teachers’ understanding of technology shifted from 
viewing technology as a tool for reinforcement into viewing technology as a tool for developing 
student understanding. In fact, evidence from existing research indicates that technology-rich 
field experiences can positively influence preservice teachers’ future integration of technology 
(Mouza et al., 2014; Polly et al., 2010). However, in some teacher preparation programs, 
preservice teachers still have limited opportunity to fully develop lesson plans paying careful 
consideration to the interplay between technology, pedagogy, and content until at least their 
second field experience (Mouza et al., 2014). Nonetheless, preservice teachers were still 
skeptical about the appropriateness of using technology to help develop subject content concepts, 
specifically in mathematics and science. Furthermore, Peressini, Borko, Romagnano, Knuth, and 
Willis-Yorker (2004) argue that none of the experiences within a teacher preparation program 
(i.e., courses, field experiences, practicum, student teaching) where preservice teachers are 
learning to teach are independent of one another. Thus, this may imply that all experiences are 
interrelated in preservice teachers' learning trajectory. Nevertheless, before arriving at such a 
conclusion, more research is needed to unpack preservice teachers’ learning experiences. 
Specifically, an investigation of preservice teachers' TPACK development during different 
periods in teacher preparation program could shed more light on this paramount and timely topic.  
 
Methodology 
 
This section provides information about the research methodology used for this study. 
Descriptions of the research design, research context, study participant, research procedures, data 
collection and data analysis are provided. 
 104 
Research Design 
This study utilized a single-case design with embedded units (Yin, 2009). A case study 
design is an empirical inquiry about a contemporary phenomenon (e.g., a “case”), set within its 
real-world context—especially when the boundaries between phenomenon and context are not 
clearly evident (Yin, 2009a, p. 18). For this study, one preservice teacher was the case under 
examination. Thus, the preservice teacher’s TPACK survey results, practicum teaching 
observations, and interview are considered to be the single-case, with two additional units added 
(i.e., course instructor interview, methodology course observation) to support the findings (see 
Figure 2).  
 
 
Figure 2. Single-case with multiple embedded units. 
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Research Context 
Case study data were collected from a preservice teacher majoring in elementary 
education from a large Midwestern university in Spring semester 2015 (January-May, 2015). 
Participation in this study was completely voluntary. The researcher attended one of the 
intermediate literacy methods course classes to recruit potential preservice teacher participants 
by explaining the nature of the research study and passed around a sign-up sheet. This participant 
(Lisa) was the only preservice teacher who agreed to participate. This participant was a student 
majoring in elementary education. She had completed the introductory technology course, 
content courses and most of her content-specific methodology courses (e.g. literacy, 
mathematics, science and social studies). She was also finishing up the requirements for a 
reading endorsement. At the time of the study, she was planning to student teach Spring semester 
2016. Based on teacher education services records at the institution, there were 747 students 
enrolled as elementary education majors during Spring semester 2016.  
 
Preservice teacher requirements for obtaining teacher licensure 
At this large Midwestern university, all students who are interested in pursuing an 
elementary education major are required to complete several steps before they can receive 
teacher licensure and graduate from the institution (see Figure 3).  
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Figure 3. Steps for obtaining teacher licensure at study university. 
 
Before actual admission into the teacher preparation program, students are required to 
take a minimum of 9 credits of courses. For those courses, students need to receive a 2.5 
cumulative grade-point-average (GPA). Once students complete those courses with minimum or 
higher GPA, they are formally admitted to the teacher preparation program. In the following 1 to 
2 years, preservice teachers continue taking all of the required and elective courses specified by 
the elementary education major curriculum. Once they complete and pass all the major 
department/content courses with a minimum of a C grade, preservice teachers can start to take 
methodology courses with the associated practicum experiences (Blocks I and II). After they 
complete the content methodology courses with the practicum components, preservice teachers 
receive their student teaching placements. When student teaching is completed, the preservice 
teachers apply for teacher licensure and graduate from the academic institution.  
 
Introductory technology course 
 The teacher preparation program requires a one-semester, stand-alone technology course 
offered for elementary education major students. The course is taught by an instructional 
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technology program faculty member in a lecture and lab format: two one-hour weekly lectures 
and a two-hour lab each week. Content and assignments are introduced and discussed in lectures 
while labs focus on skill building that involves educational technology commonly used with 
PreK-6 students.  
Typically, most preservice teachers complete the required, introductory technology 
course prior to taking any content methodology courses and practicums. Once the instructional 
technology course is completed, preservice teachers enroll in their methodology courses, 
commonly called Block I and Block II, over a two-semester time frame (see Figure 4). 
 
 Figure 4. Organizational chart of methodology courses for elementary education major. 
 
Content methodology courses and related practicums 
At this institution, all elementary education majors are required to take five methodology 
courses: 1. Teaching Reading and Language Arts for Primary Grades (PreK-3) (4 credits), 2. 
Teaching Reading and Language Arts for Intermediate Grades (4-6) (4 credits), 3. Teaching 
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Children Mathematics (3 credits), 4. Teaching of Science (3 credits), and 5. Teaching of Social 
Studies (3 credits). Each methodology course has a supervised classroom-based practicum 
experience – except for the social studies course. There is no classroom-based practicum 
experience required during the social studies methods course. In the methodology courses, 
pedagogical approaches that target a specific content area are introduced and taught. Preservice 
teachers typically are required to design lessons and related assignments in those methods 
courses that involve content-specific topics and pedagogical approaches applied in typical K-6 
classrooms.  
Preservice teachers attending this university typically start taking the methodology 
courses in the second semester of their junior year (Block I) and first semester of their senior 
year (Block II). Preservice teachers in Block I take the literacy for primary grades and math 
methods classes on Monday and Wednesday for the first 9 weeks of the 15-week semester.  
Then, the on-campus classes stop after 9 weeks, and a 4-week school-based practicum 
experience begins. So, preservice teachers are placed with a cooperating K-3 teacher in school all 
day on Monday and Wednesday for 4 weeks to start applying what they have learned in their two 
methodology classes (i.e., primary literacy & math). During the practicum experience, students 
are supervised by a university supervisor who provides feedback and evaluation. When the 4-
week practicum ends, the Monday/Wednesday on-campus classes resume for 2 weeks until the 
end of the semester.   
Block II includes methodology courses for literacy for the intermediate grades and 
science. The scheduling of the classes changes slightly during Block II. Students attend the 
courses on campus for the first 5 weeks of the semester on Tuesdays and Thursdays, and then 
they complete their practicum experience all day on Tuesdays and Thursdays for 4 weeks in 
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elementary schools. After completing the practicum, the preservice teachers return to campus 
and resume the methodology courses for 6 weeks until the end of the semester. The social studies 
methods course has a prerequisite of Block I so it varies when students complete this course (e.g. 
in summer, during Block II…etc.), but many take that methods course during Block II. 
 
Literacy methodology course and related practicum 
 In the previous section, a general introduction of content methodology courses with 
related practicum was provided. Because the focus of this study was investigating a single-case 
preservice teacher’s TPACK development during her literacy methodology course and 
practicum, a detailed explanation of what content was covered and what technology activities 
were required during methods course will now be provided.  
 This intermediate literacy methodology course addresses the theories and processes of 
literacy in elementary grades four through six. The focus is on application through reading and 
writing across the curriculum, integration of language arts, literature-based instruction, and 
metacognitive strategies. 
The content topics covered include factors affecting children’s continued literacy 
development, reading/writing strategies for diverse learners, how literacy components interacts 
during classroom setting, knowledge of different types of assessments, classroom management 
skills and technology integration in literacy classroom environment. The preservice teachers 
enrolled in this class have to complete: 1) a semester-long reader response assignment (response 
to the class readings), 2) a literature circle activity (small groups of preservice teachers gather 
together to discuss a piece of literature in depth), 3) a lesson plan that involves specific literacy 
strategies, 4) four quizzes to evaluate students’ understanding of content, and 5) a technology 
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integration lesson plan that involves using an iPad to teach a reading or a writing lesson. At the 
end of the semester, the methods course instructor conducts an exit interview with each 
preservice teacher. The purpose of the exit interview is to evaluate the depth of understanding 
and reflection that each preservice teacher has on his/her experiences in the course and 
practicum.  
 During the practicum experience, preservice teachers are placed with an elementary 
teacher who typically teaches in grades 4-6. The practicum is a scheduled classroom experience 
when preservice teachers spend all day on Tuesdays and Thursdays for the 4 weeks (total of 8 
days) in the assigned elementary classroom. During this 8-day practicum experience, preservice 
teachers are required to teach both a writing and a reading lesson typically in an upper 
elementary classroom. After the preservice teachers complete the practicum experience, they 
return to campus to continue the methods course (for 6 weeks) until the end of the semester.  
 
Study Participant 
Preservice teachers who were about to complete their Block II methodology courses were 
asked to participate in the study during Spring semester 2015. One preservice teacher (Lisa) 
agreed to participate in this study and to be observed during her intermediate literacy practicum 
experience. At the time, Lisa was in her early 20s and a junior majoring in elementary education. 
She was also finishing a reading endorsement. She had completed the introductory technology 
course and Block I methodology courses. She was enrolled in Block II (intermediate literacy and 
science) during in Spring semester 2015 (January to May). Her plan was to student teach during 
Spring semester 2016. For this study, Lisa was observed twice during her 4-week literacy 
methods course practicum. A follow-up interview was conducted after the completion of the 4-
week intermediate literacy practicum experience to understand more about her overall thoughts 
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about her development to teach literacy (with technology) and the overall teacher education 
program experience. She was also asked to complete the Survey of Preservice Teachers’ 
Knowledge of Teaching and Technology (Schmidt et al., 2009). Lisa completed the survey during 
the last week of Spring semester 2015. From the previous record based on an email identifier, 
Lisa had completed the same survey at the beginning (pre-test) and the end of the introductory 
instructional technology course (post-test) two years prior - Spring semester 2013.   
 
Research Procedures and Data Sources 
 Data were collected in Spring semester 2015 from one preservice teacher. The data 
included both quantitative and qualitative measures. For this study, the Survey of Preservice 
Teachers’ Knowledge of Teaching and Technology (Schmidt et al., 2009) was administered 
online to the preservice teacher after she completed the Block II methodology courses. The 
survey was administered the first time during the first week of the semester when the 
participating preservice teacher was taking the introductory technology course (Spring semester 
2013). Then, the survey was administered a second time during the last week of the introductory 
technology course (Spring semester 2013). Thus, this preservice teacher completed this survey 3 
times (before taking the introductory instructional technology course, after completing the 
introductory instructional technology course and after completing Block II) for the purposes of 
this study.   
The internal consistency reliability (coefficient alpha) of the survey was tested in a 
previous study (Schmidt et al., 2009). Therefore, the coefficient alpha reported ranged from .75 
to .92 for the seven TPACK subscales also applied to this study. This range is considered to be 
acceptable to excellent (George & Mallory, 2001). This survey was specifically developed to 
capture elementary education preservice teachers’ knowledge development in the areas of 
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technology, pedagogy, and content. The survey includes 9 demographic questions, 47 5-scale 
Likert items, 3 multiple-choice items and 3 open-ended questions designed to measure preservice 
teachers’ self-perception of knowledge development in all seven TPACK constructs. These data 
were collected to measure the preservice teacher’s perceptions about how her knowledge about 
TPACK had developed between taking the required instructional technology course and 
completing all methodology courses (approximately 2 years). 
Qualitative data were also collected during the data collection period. Two practicum 
classroom observations were conducted while the participant was out for her 4-week 
intermediate literacy method course practicum in Spring semester 2015. One interview was 
conducted with the participant after the two practicum classroom observations. In addition to the 
participant interview, an additional interview was conducted with the literacy methods course 
instructor to understand more about the course content and the assignments given. Two 
additional literacy methods course observations were conducted to observe a typical class and 
activities that were completed by the preservice teachers and the discussion that occurred as a 
result. All the interviews were recorded and then later transcribed.  
 
Data Analysis 
Both quantitative and qualitative methodologies were used to analyze the data. For 
quantitative analysis, the descriptive statistical analysis was performed to see if the participant’s 
self-perceived rating changed over the three time periods (Time 1 - pre-test before introductory 
instructional technology course; Time 2 - post-test after introductory instructional technology 
course; Time 3 - post-test after intermediate literacy methods course (i.e., Block II)).  
For qualitative analysis, the participant’s practicum observations and interview were 
separated into units of meaning (UoMs) for coding and analysis. Tai (2014) stated that a helpful 
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way to determine the UoM for the initial stage of data analysis in a study is to utilize the concept 
of a social practice, also known as an “activity” (Mohan, 2007). According to Mohan (2007), a 
social practice is a combination of knowledge and action, meaning that teachers participating in a 
social practice are required to know (knowledge/reflection) something and to do (action) 
something. For example, “verb (specifically past tense)” could mark discourse of specific 
reflections while “if/then” could mark discourse of general reflections. 
 For the supportive data collected in the additional units of the defined case, such as the 
method course observations and the methods course instructor interview, summative content 
analysis (Hsieh & Shannon, 2005) was performed which involved counting and comparisons of 
content, followed by the interpretation of the underlying context to match with the codes that 
were identified. To ensure the reliability of the coding process, another researcher with research 
experiences in qualitative research and TPACK was invited to participate in the process of 
collecting and coding the observation and interview data. A simple percentage agreement was 
employed to calculate the intercoder reliability. Based on the study conducted by Mackey and 
Gass (2005), using simple percentages to calculate intercoder agreement is “appropriate for 
continuous data (i.e., data for which the units can theoretically have any value in their possible 
range, limited in precision only by our ability to measure them)” (p. 243). Moreover, Mackey 
and Gass also suggest that coding should be scheduled in rounds and trials to increase the 
intercoder reliability. In order to follow the stated suggestions, the researchers met first for about 
one hour to go over the Schmidt-Crawford et al. (2016) codebook, to become familiar with the 
codes. Please see Appendix H for sample TPACK codes, including full codes, definitions, and 
examples. 
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After the initial meeting, a follow-up meeting was conducted for trial coding of one set of 
data, containing the first observation field notes in a spreadsheet. The coding process involved 
each coder selecting one code from the codebook that fit the defined UoM best. In other words, 
for every UoM, the coders assigned one code for each unit of meaning for a total of 60 UoMs 
defined in the data collected. In comparing the coding results from the first observation, it was 
revealed that the agreement between the two coders was at 84.6% (33/39 UoMs). This result is 
considered to be “good.” Mackey and Gass (2005) recommended that “For simple percentages, 
anything above 75% may be considered “good,” although percentages over 90% are ideal” (p. 
244). The coding results were recorded with remarks and reminders from the discussion. The file 
was emailed to the other researcher for references before the researcher of this study proceeded 
to the next step, which was for the two coders to code another set of data separately and then 
meet for comparison and discussion. Then, the two coders continued to code the second 
observation and the follow-up interview conducted with the preservice teacher. The results of the 
two data sources slightly decreased to 79% (23/29 UoMs - second observation) and 77.5% 
(38/49 UoMs - follow-up interview), but this agreement was still considered “good.”  
Through discussion, an agreement was reached on all 3 data sources (2 classroom 
observations and 1 interview) except for 17 UoMs. For those 17 UoMs, the two coders decided 
none of the existing codes in the codebook fit. Therefore, there was a need to add additional 
codes to the codebook. To solve this discrepancy, a third coder, an instructional technology 
faculty member who conducts TPACK research, was consulted and the coding issue for these 17 
UoMs was resolved. The third coder coded the UoMs and compared the codes with those from 
the two coders. Agreement was reached after discussions and new codes were generated and 
added to the Schmidt-Crawford et al. (2016) codebook. During the coding process, six new 
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codes were created and added to the codebook: one TK code (TK_Efficacy: Teacher’s belief in 
his/her ability to successfully perform a technologically sophisticated task), one PK code 
(PK_Learn: Teacher makes general reference to how he/she learns about the pedagogical 
approaches or using the approaches.), one TCK code (TCK_Learn: Teacher makes general 
reference to how he/she learns about content specific technologies or using the content specific 
technological tools), one PCK code (PCK_Learn: Teacher makes general reference to how 
he/she learns about the pedagogical approaches for specific subject matter or using the 
approaches with content specific topics), and two TPACK codes (TPACK_Learn: Teacher 
makes general reference to how he/she learns about utilizing technological tools with 
pedagogical approaches in content specific classroom; TPACK_Interdiciplinary_Connection: 
Teacher makes interdisciplinary connections between and/or across subject areas while teaching 
with technology).  
 
Results 
The data for this study were collected from three major data sources; 1) the TPACK 
survey results from three data collection points, 2) two observations with a follow-up interview, 
and 3) two additional data that include literacy methods course observations and an interview 
with the methods course instructor. Based on the data analysis for the two classroom 
observations and follow-up interview, it was revealed that the highest percentage of codes based 
on the number of code occurrences identified in the participant’s teaching were TPACK (24%; 
n=27), PK (21%; n=24) and PCK (16%; n=18) (see Figure 5 for the occurrences of the TPACK 
related codes). The participant was observed demonstrating TK (10%; n=12), TPK (7%; n=7), 
and TCK (5%; n=7) in her teaching as well. However, CK was only noted for 1% of the codes. 
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From the data sources, there are some UoMs that described the school environment (context 
codes) or Lisa’s own personal opinion about education (no codes category). Thus, context codes 
(10%; n=12) were observed along with some of Lisa’s personal opinion codes (No codes: 5%; 
n=6) that were not specifically related to teaching and these make up the remaining codes 
included in the data analysis.  
The format of the data analysis is organized based on the core knowledge domains from 
the TPACK framework. In the next section, a discussion around the data analysis is organized 
around the four foundational domains of TPACK (CK, PK, TK, and TPACK) to help discuss 
how these core knowledge domains were present in this study and how they interact with each 
other. Because literacy is this study’s focus, only results specific to literacy will be shared.   
 
Figure 5. Participant’s profile of occurrences of TPACK related codes. 
 
Content Knowledge (CK) Related Domains 
 From Lisa’s TPACK survey results, it was revealed that the mean of her literacy content 
knowledge (CKL) increased slightly from time one (M=4.00) to time two (M=4.33) and dropped 
slightly from time two to time three (M=4.00) (see Figure 6). These mean responses are based 
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upon a 5-point Likert scale (1 = strongly disagree; 2 = disagree; 3 = neither agree or disagree; 4 = 
agree; 5 = strongly agree) and the participant’s average mean response to 3 questions; I have 
sufficient knowledge about literacy, I can use a literary way of thinking and I have various ways 
and strategies of developing my understanding of literacy. 
 
Figure 6. Participant survey results of the content knowledge domain - literacy. 
 
 
 From the classroom observations and the interview with Lisa, there was only one content 
knowledge code observed or noted. The code is CK_Accurate-Response (n=1). Thus, content 
knowledge (CK) represents only 1% of the total TPACK codes observed in this study. This code, 
CK_Accurate-Response, means the preservice teacher provides correct answers to questions that 
students ask specifically related to the content being taught. The UoM was retrieved from one of 
the participant’s practicum classroom observations. In the observation, the researcher 
documented that “Lisa is able to answer students' questions with accurate information.” 
In order to help readers understand what each code represents, a table (see Table 1) was 
organized with domain, theme, and definition information provided. Using the “theme” 
information for each code (after the underscore; e.g., CK_Accurate-Response), readers can 
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locate the theme definition and then identify if that theme was observed and aligned with any of 
the seven TPACK domains.  
 
Table 1.  
TPACK Codes and Themes Observed 
Themes Definition TK PK CK TCK PCK TPK TPACK 
Use  Teacher demonstrates the ability to 
use technology and/or pedagogy 
for content teaching 
       
Match 
Affordance  
Teacher selects technology and/or 
pedagogy to match the 
teaching/learning objectives. 
       
Troubleshoot  Teacher demonstrates the ability to 
troubleshoot.        
Prepare  Teacher demonstrates the ability to 
use technology and/or pedagogy to 
prepare for content teaching. 
       
Collaborate  Teacher collaborates with others to 
use technology and/or  pedagogy 
for content teaching. 
       
Assess  Teacher uses technology and/or 
pedagogy to assess student 
learning. 
       
Connect  Teacher uses technology and/or  
pedagogy to connect students’ 
learning to others. 
       
Learner 
Centered  
Teacher uses technology and/or  
pedagogy to create  student-
centered environment for content 
learning. 
       
Reflect  Teacher reflects on his/her use of 
technology and/or pedagogy for 
content teaching.   
       
Learn Teacher learns from other to use 
technology, to use specific 
approach, or to use technology to 
teach content 
       
Others Teacher demonstrates the ability to 
integrate technology and/or 
pedagogy into content teaching, 
e.g., teacher shows efficacy toward 
TK, teacher elicits students’ 
knowledge in a content area by 
using specific teaching strategy, 
coordinate technology, identified 
what teacher need in order to use 
technology to teach content and 
scaffold content learning. 
 
 
  
 
 
  
 
  
 
 
 
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On the other hand, there was one interesting finding occurring in all data sources. That is, 
the difficulty of identifying a teacher’s isolated content knowledge (CK) during classroom 
observations. While only one CK code was identified during Lisa’s practicum observations and 
follow-up interview, no other content-specific theme can be found in the literacy method course 
instructor interview and method course observations as well. Even when there was content 
information involved, content knowledge was not seen as a separate entity but was usually 
blended with other TPACK domains. For example, this can be illustrated with this researcher’s 
field note excerpt during a methods course observation, “After preservice teachers completed the 
lit circle activity, methods course instructor also shared how this can be used in teaching.” The 
content of the lit circle is all about reading, but the ways it was introduced to the preservice 
teachers are combined with pedagogical approaches, such as modeling, synthesizing and group 
activity. Next, findings for the PK related domains will be shared. 
 
Pedagogical Knowledge (PK) Related Domains 
 Based on the survey results obtained from Lisa at the three designated data collection 
points, both her pedagogical knowledge related domains (PK and PCK) mean responses 
decreased from time one (M=3.71; M=3.50) to time two (M=3.00; M=3.00) respectively, and 
then increasing from time two to time three (M=4.43; M=4.00). During these data collection 
points Lisa responded that her PK and her PCK has some change from neither agree or disagree 
to agree during this time period (see Figure 7).   
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Figure 7. Participant survey result of the pedagogy-related domains. 
 
 From Lisa’s practicum observations and interview data, eight different codes were 
acknowledged for the pedagogical knowledge related domains (PK and PCK). Three codes 
(PK_Use (n=21); PK_Learner-Centered (n=2) and PK_Learn (n=1)) were observed from the PK 
domain and represented 21% (n=24) of the total TPACK codes observed while Lisa was teaching 
in the classroom. One example of PK_Use coded during an observation was“Lisa regrouped 
students [after the activity] and asked if they changed their mind after talking to other peers.” 
During the actual methods course observations, the researcher noted that the literacy methods 
course instructor always devoted time in each class period to talk about different classroom 
management skills, like grouping of students, by providing tips or answering related questions 
posed by preservice teachers.  
On the other hand, five codes PCK_Use (n=6), PCK_Assess_Learning (n=1),  
PCK_Learn (n=1), PCK_Provide_Examples (n=1), and PCK_Reflect (n=9) were documented 
from the PCK domain and represented 16% (n=18) of the total TPACK codes observed. During 
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her interview Lisa illustrated her development of PCK  when she commented about using 
specific instructional strategies to teach literacy: 
I think specific strategies from classrooms, from methods classes like Words Their Way or The 
Daily Five or Big Programs. I'll definitely use things like that and then implement ideas into that. 
[Preservice teacher interview] 
 Although it appears that observing a teacher’s content-specific knowledge while teaching 
can be challenging, a lot of pedagogical content knowledge related codes emerged and were able 
to be identified. Another example was observed during a methods course observation, when the 
methods course instructor introduced the topic of text complexity. The instructor shared and 
demonstrated different scenarios on how preservice teachers might pick out books that were the 
right text reading level for their students. Obviously, the literacy methods course was specifically 
designed to share pedagogical methods that preservice teachers could use in their practicum 
experiences and beyond while teaching literacy. For example, the preservice teachers were 
required to keep a reference sheet that included a list of reading/writing strategies taught during 
the literacy methods course to be used at a later date [course syllabus & methodology course 
observation]. The results from the TK related domains are presented next. 
 
Technology Knowledge (TK) Related Domains 
 Based on the survey results gathered from Lisa at the three distinct data collection points, 
results from the technological knowledge related domains (TK, TCK and TPK) were mixed.  
Lisa’s TK-related mean responses for TK, TCK and TPK all increased from time one  (TK=3.50; 
TCK=3.25; TPK=3.80) to time two  (TK=3.83; TCK=4.00; TPK=4.20). However, results from 
time two to time three were mixed. While Lisa’s TK mean response decreased slightly from time 
two (M=3.83) to time three (M=3.67), her TCK mean response (T2 M= 4.00; T3 M= 4.00) 
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remained unchanged, while her TPK mean response  (T2 M= 4.00; T3 M= 4.20) showed a slight 
increase from time two to time three (see Figure 8).  
 
Figure 8. Participant survey result of the technology-related domains. 
 
 A total of twelve codes were identified from the TK related domains (i.e. TK, TCK and 
TPK) while observing and talking with Lisa. Five codes (TK_Use (n=4); TK_Troubleshoot 
(n=1); TK_Prepare (n=1); TK_Efficacy (n=1); and TK_Reflect (n=5)) were categorized from the 
TK domain and represented 10% (n=12) of the total TPACK codes observed. Lisa specifically 
commented during her interview about how she gained additional technology knowledge from 
her Block II literacy practicum because of her cooperating teacher: 
A lot of it [technology integration ideas] actually came from my cooperating teacher. She was a 
great teacher and she used it [technology tools] to enhance what she was doing, so it was really 
cool to see it used well. I learned a lot from her. [Preservice teacher interview] 
On the other hand, Lisa commented that her experience during Block I was the complete 
opposite in terms of developing her technology-related knowledge with regards to literacy and 
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teaching. Due to the lack of modeling provided by her Block I cooperating teacher, she did not 
feel that her technology knowledge was enhanced: 
It didn't feel like it really enhanced it all that much other than just projecting occasionally 
something on the board for the students to see. My block one practicum, I don't remember really 
using technology at all. We used a big white paper board and then we would use markers and 
then rip it off and do that again. Not a lot of technology in that room. [Preservice teacher 
interview] 
Three TCK codes (TCK_Use (n=3); TCK_Match-Affordance (n=3) and TCK_Learn 
(n=1)) were observed. These TCK codes represent 6% (n=7) of the total TPACK codes 
observed. A typical example of TCK_Use code (e.g., use blogging instead of pencil paper 
writing) was retrieved from Lisa’s practicum classroom observation notes and illustrate how Lisa 
used technology to teach specific content in a literacy classroom.  
For TPK codes, four codes (TPK_Match-Affordance (n=4); TPK_Connect (n=2); 
TPK_Refelct (n=1); TPK_Coodinating Technology (n=1)) were identified and represented 7% 
(n=8) of the total TPACK codes that were either observed in the classroom or mentioned during 
the interview (see Table 1). Below is an example of a TPK_Match-Affordance code retrieved 
from one of the practicum classroom observations. During the observation, students in class were 
having difficulty logging into the website to access the literacy materials, Lisa noticed the issue 
and decided to show the website on the screen and modeled the steps how students can access 
the website [Preservice teacher practicum classroom observation]. This example demonstrates 
how Lisa matched the affordances of the technology with the pedagogy she used while teaching 
a literacy lesson. 
It might also be worth noting in this section a specific context code that was documented 
could be linked to Lisa’s TK development. The (Context_Technology-Skill-Differences) code 
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was identified as of a result of conducting Lisa’s interview. Lisa actually pointed out that there 
were great differences in the technology integration skill level between her Block I and Block II 
cooperating teachers. She also elaborated on the fact that preservice teachers have little control 
over who they are assigned to for these classroom experiences, and shared:  
I think teachers, too, some of them are more comfortable with technology and some of them are 
less comfortable. In my block one, she would ask me like, "Hey, can you help me figure out my 
email?" Just very simple things that are simple to me that she ... way over her head and she 
needed help with very small things. I think she would have been very overwhelmed to try to use it 
with the students, especially because the students seem to know more than teachers now. I think it 
depends on the teacher and her experience or his experience. The one in [name of city], she was 
young and she came from a district in [name of state] and they used technology, so she was well 
versed in using technology in the classroom. [Preservice teacher interview] 
 Lisa’s results specific to TPACK are shared in the next section. 
 
Technological Pedagogical Content Knowledge (TPACK) Domain 
 Based on the survey results obtained from Lisa at the three data collection points, her 
technological pedagogical content knowledge mean response showed an increase from time one 
(M=3.63 - approaching agree) to time two (M=4.00 - agree). For time two and time three 
(M=4.00 - agree), the mean response was the same (see Figure 9).  
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Figure 9. Participant survey result of the TPACK domain. 
 
 A total of nine TPACK codes [TPACK_Match Affordance (n=3); TPACK_Collaborate 
(n=2); TPACK_Assess_Learning (n=4); TPACK_Reflect (n=5); TPACK_Learn (n=6); 
TPACK_Scaffolding-content (n=4); TPACK_Resources-content (n=1); TPACK_Teacher Need 
(n=1); and TPACK_Interdiciplinary (n=1)] were identified during data analysis. These codes 
represented 24% (n=27) of the overall TPACK codes observed and/or mentioned by Lisa during 
this study (see Table 1).  
The code, TPACK_Learn (see Table 1), was identified the most frequently in the major 
data sources. Below are two typical examples retrieved from Lisa’s interview. During her 
interview, Lisa commented about how she was able to learn from a past instructor and her Block 
II practicum cooperating teacher to use technology for teaching in a classroom setting: 
She [practicum cooperating teacher] used her projector a lot. She used different games. She used 
Kahoot. She used things like that. She was a great teacher and she used it to enhance what she 
was doing, so it was really cool to see it used well. [Preservice teacher interview] 
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I [Lisa] think methods courses and 201 do a good job in preparing us, it's just then can we 
actually use them [technologies] when we get out there? [Preservice teacher interview] 
 
While Lisa appeared to have several opportunities to learn from her Block II practicum 
cooperating teacher about how to integrate technology in a literacy classroom, she pointed out 
that the modeling classroom teachers provide preservice teachers, and the resources available in 
the assigned school districts can be critical factors that impact a preservice teacher’s ability to 
integrate technology:  
I think if the resources are at the school I would be confident to use them. I think the teacher 
where you have your practicums in teaching is a big factor in whether or not you're going to go 
through with the technology. [Preservice teacher interview] 
 
Lisa further elaborated on her literacy methods course experiences that she had related to 
technology during her interview. She mentioned that methods course instructors typically 
provide technology-related resources, but most of those resources are not specifically for 
teaching or using them directly with elementary students. Lisa specifically mentioned that the 
intermediate literacy methods course (part of Block II) was the methods course that put the most 
emphasis on how to integrate technology into a content area.  
There's a lot of technology more so with the professional development side, so they'll give us a lot 
of strategies, they'll give us a lot of websites that we as teachers can use, but not necessarily 
resources for in the classroom with students. There's some [technology]. They [method course 
instructors] definitely give you some, but I think [this literacy course] 378 has been the heaviest 
on using technology in the classroom. [Preservice teacher interview] 
The methods course instructor later confirmed Lisa’s comment and experience related to 
learning more about applying technology, pedagogy and content within the literacy methods. 
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Specifically, the instructor mentioned how she can build upon what the preservice teachers learn 
in the introductory technology course, “We [Method course instructor and preservice teachers] 
can then talk about how literacy could be infused even more into the technology things that they 
maybe had done in the past or that they were looking at.” 
 
Discussion  
 
 From the overall results reported above, three major findings related to this preservice 
teacher’s development of TPACK will now be discussed. They are “Emphasis on Pedagogical 
Knowledge Development”, “Modeling for Preservice Teachers” and “Trajectory of TPACK 
Development”. In the following sections, a detailed explanation for each is provided.  
 
Emphasis on Pedagogical Knowledge Development 
According to Akarsu and Kaya (2012), methods courses are generally designed to help 
preservice teachers develop their pedagogical content knowledge (PCK). While preservice 
teachers have more opportunities to learn how to teach specific subject matter, they also gain 
confidence in applying a teaching approach to teach a content-specific topic in classroom 
settings (Kelly, 2000). Such findings as these are consistent with the results from this case study. 
It was clear from the methods course classroom observations that the focus was to teach 
preservice teachers how to use content-specific (i.e., literacy) teaching approaches in classroom 
settings. Some specific topics included in this elementary literacy methods class are classroom 
management, reader response along with lit review, lesson plan writing and introduction of 
reading/writing strategies. Based on these case study results, Lisa probably showed the most 
personal growth in the pedagogical-related TPACK domains. Using her survey results that were 
administered during three times during her preparation program, Lisa reported the most change 
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in her pedagogical knowledge domains from time one to time two. Furthermore, she actually 
demonstrated having this pedagogical knowledge and pedagogical content knowledge while 
teaching in her literacy practicum and then upon reflection during her follow-up interview. The 
literacy methods course instructor also shared a general observation about preservice teachers’ 
pedagogical-related growth after taking her course: 
They [preservice teachers] come in well prepared from the other classes and then we just continue 
to grow. I think their comfort level and their reasons ... They can articulate why they're using it 
[teaching approach], which is, to me, the ultimate way of knowing that they know how to use it. 
They can say why they're doing what they're doing, which is very good.  [Literacy method course 
instructor interview] 
 
Modeling for Preservice Teachers 
 It was revealed that during the two practicum classroom observations that Lisa could 
actually demonstrate quite consistently her knowledge from five of the seven TPACK domains 
(TK, PK, TCK, PCK and TPACK). During her Block II practicum, Lisa was able to learn how 
she could better integrate technology into content specific instruction from the modeling that was 
provided from both her cooperating teacher and her literacy methods instructor. Thus, Lisa was 
able to observe and learn what was considered to be good examples of using technology with 
appropriate pedagogical approaches and literacy content. A good example of the importance of 
teacher modeling was mentioned by Lisa during her interview: 
She shared with me what [technology tool and teaching idea] was really common in her 
classroom. She was sharing with me that earlier this year they had done blogging in their 
classroom. They had blogged with a school from [city in Iowa] where the teacher actually grew 
up. [Preservice teacher interview] 
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While Lisa gained positive experience working with her cooperating teacher from her 
practicum experience, she also commented how the courses she took throughout her preparation 
program prepared her well for meaningful technology integration.  
Yeah. I think the courses prepared us well for technology integration. After 201 you're exposed to 
a lot of different things. Then as you go into content courses, I know a lot of my classmates and I 
will be doing something and think, “Oh, that technology resource would be really fitting for this.” 
[Preservice teacher interview] 
This idea of providing appropriate technology integration models for teachers is consistent 
with other existing research. That is, technology-rich field experiences where cooperating 
teachers model and scaffold appropriate technology while effectively teaching the content can 
positively influence preservice teachers’ integration of technology (Mouza et al., 2014; Polly et 
al., 2010). The literacy methods course instructor also commented on the power of modeling for 
preservice teachers:  
We do exit interviews at the end, and one of the questions that I don't grade ... I just ask them, 
"What are the things that helped you this semester?" I'd say a large percentage, maybe 60 to 70%, 
mention the technology lessons and those kinds of things they felt were really helpful because 
they knew about it. They knew how to do it, but now they felt they knew how to really use it to 
meet learning goals for literacy. That's what they've mentioned that the practice doing it and 
modeling have helped them feel confident in it and then the more confident they feel, I think the 
more they will probably use it then when they get to the classroom.![Literacy methods course 
instructor interview] 
Thus, even with proactive modeling from cooperating classroom teachers or methods 
course instructors, preservice teachers’ TPACK development may still be impacted by the 
differences associated with cooperating teachers’ TPACK during practicum and student teaching 
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experiences. Lisa is part of a large teacher preparation program with nearly 800 elementary 
teacher education majors enrolled. Several hundred placements are made each semester for early 
field experiences, Block I and II practicums and student teaching. The challenge remains on how 
to best place preservice teachers with TPACK teachers for continued professional development 
in this area. Quite frankly, it is almost impossible to have the required number of cooperating 
teachers who model TPACK for the number of preservice teachers entering the profession. Not 
to mention requiring cooperating teachers to also have some TPACK expertise. For instance, 
Lisa had very different experiences between her Block I and Block II placements. While Lisa’s 
Block I literacy cooperating teacher was very uncomfortable with using technology, her Block II 
literacy cooperating teacher was able to effectively use technology while teaching literacy. Lisa 
stated, “It was really cool to see it (technology) used well.” Again, having technology-rich field 
experience can better prepare preservice teachers to teach with technology (Mouza et al., 2014; 
Polly et al., 2010).  
It was revealed during this study’s data collection process that the school where Lisa 
completed her Block II literacy practicum supports a one-to-one device program. All of the 
students who attend this school have 24/7 access to individual Chromebooks. Kastberg and 
Leatham (2005) noted that having access to technology is key but without essential knowledge of 
related curriculum materials teachers may actually be discouraged to integrate technology in 
their classroom instruction.  
 
Trajectory of TPACK Development  
In teacher preparation programs, teacher candidates can potentially develop TPACK by 
taking a dedicated educational technology course, content-specific teaching methods courses, or 
 131 
practicum courses; or by exposure to TPACK concepts throughout the duration of coursework in 
a teacher preparation program (Hofer & Grandgenett, 2012). Peressini, Borko, Romagnano, 
Knuth, and Willis-Yorker (2004) also emphasize that none of the experiences (e.g., content 
courses, teacher preparation courses, preservice field experiences) in learning how to teach are 
independent of one another. They all influence a prospective teacher’s learning trajectory.  
While research exists that reports preservice teachers’ knowledge increases in the area of 
pedagogical content knowledge (PCK) during their methods course experiences, their 
development of technology related knowledge (that is TK, TCK, TPK and TPACK) shows 
varying results (Mouza et al., 2014; Ozgun-Koca et al., 2009; Polly et al., 2010). In this study, 
Lisa reported a slight increase in two pedagogy-related domains (PK and PCK) from time two to 
time three in completing the TPACK survey (see Figure 7). Even though Lisa’s self-perceived 
development of her knowledge in the technology-related domains of TPACK decreased (see 
Figure 8), the researchers still observed her demonstrating and applying all TPACK domains 
during her practicum experience (see Table 1). Clearly, Lisa is aware of her growing knowledge 
in TPACK and realizes she still needs continuous personal development with TPACK-related 
knowledge. In fact, Lisa agreed that the introductory technology course, the literacy methods 
courses and her practicum experiences collectively prepared her at this point in her preparation 
program to be a successful teacher.  
 
Conclusion 
Strudler and Wetzel (2005) specified effective technology integration should be a multi-
layer process and require adjustments at different educational levels (i.e. student, teacher, 
colleges of education). Some important findings (Brzycki & Dudt, 2005; Chuang et al., 2003; 
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Wetzel, Wilhelm & Williams, 2004) suggest steps such as moving from a stand-alone 
technology course to technology-integrated curricula and context-specific approaches, providing 
more exemplary models of technology use by teacher preparation educators, increasing faculty 
development opportunities, and increasing expectations that prospective teachers use technology 
while in classrooms. There is broad agreement among educators that technology can be effective 
and support learning only if it is meaningfully integrated into teaching (Pamuk, 2012). For 
teacher preparation programs, it is especially important to provide consistent content and 
curriculum coverage for all preservice teachers regarding professional core and content methods 
courses. While it might be challenging to pair preservice teachers with cooperating teachers who 
have TPACK tendencies related to skills and integration, it seems essential and critical that 
teacher preparation programs attempt to work closely with K-12 school districts to ensure that 
every effort is made to provide classroom placements where preservice teachers work closely 
with skilled cooperating teachers who work to integrate technology successfully into the 
instructional routine. 
Figg and Jaipal (2009) state that teachers need TPK to integrate technology successfully 
in instruction, “TPK characteristics played the most significant role in successful planning and 
implementation, and the lack of these foundational understandings had a negative impact on 
lesson implementation in practice” (p. 4). They concluded with a recommendation of needing a 
strong focus on instructional planning and implementation strategies as a way to provide key 
assistance for preservice teachers. Based on this recommendation, this might be another useful 
suggestion for teacher preparation program curriculum committees and course instructors to 
consider when planning the goals and learning outcomes of the program courses.  
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While this study may shed some light to show how prepared one preservice teacher 
developed TPACK before actually student teaching, more cases will need to be established to 
examine how other preservice teachers are prepared to do the same. Those summarized outcomes 
can then serve as evidence to suggest further program revisions and possible systemic changes. 
On the other hand, this study only investigated preservice teachers’ TPACK development until 
the end of methods course experience, so it seems plausible to continue efforts that develop 
longitudinal studies that investigate preservice teachers’ TPACK development from the 
beginning until the end of the teacher preparation program experience.  
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CHAPTER 5. GENERAL SUMMARY 
 
The establishment of pedagogical content knowledge (Shulman, 1986) set an important 
foundation for teacher education to identify what knowledge is needed for preservice teachers to 
successfully teach in a classroom setting. Knowledge of technology later emerged as another 
knowledge domain that requires further attention in the field (Koehler & Mishra, 2009). 
Recognizing the need of developing technology knowledge in preservice teachers, teacher 
preparation programs started to incorporate curriculum with a focus on teaching preservice 
teachers to integrate technology in their classrooms. While stand-alone educational technology 
courses can help increase preservice teachers’ confidence in using technology, they sometimes 
fall short in promoting the meaningful use and integration of technology integration into 
preservice teachers’ teaching practices (Wachira & Keengwe, 2011). Therefore, it is 
recommended by researchers that technology training need to be integrated throughout the entire 
teacher education program to better promote meaningful technology integration (Angeli & 
Valanides, 2009; Hughes, 2013; Tondeur et al., 2012).  
To assist the implementation, a conceptual framework called Technological Pedagogical 
Content Knowledge (TPACK) developed by Mishra and Koehler (2006) was widely used to 
guide the technology integration process. The framework was also utilized to develop 
curriculum, professional development modules and other advancements (Archambault, 2016). 
Recently, research in this area has shifted its focus to using various measurement methodologies 
to determine teachers develop TPACK. Currently, all the research methodology categories can 
be identified into the following five types (Gall, Gall, and Borg, 2007): 1) self-report measure 
(e.g., Archambault & Crippen, 2009; Lee & Tsai, 2010; Schmidt et al., 2009), 2) performance 
assessment rubrics (e.g., Angeli & Valanides, 2009; Harris, Grandgenett, & Hofer, 2010); 3) 
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open-ended questionnaires (e.g. Robertshaw & Gillam, 2010; So & Kim, 2009); 4) interviews 
(e.g., Harris et al., 2012; Mishra, Peruski, & Koehler, 2007; Ozgun-Koca, 2009); and 
observations (Hofer, Grandgenett, Harris, & Swan, 2011; Koehler, Mishra, & Yahya, 2007). 
While various instruments were created to measure teachers’ TPACK development, most studies 
were designed to investigate a single scenario or course. Only limited studies (Bate, Day, & 
Macnish, 2013; Hofer & Grandgenett, 2012; Schmidt et al., 2009) addressed the intention of 
extending the research conducted into a longitudinal investigation in which teachers’ TPACK 
development could be examined while completing their preparation program. In order to better 
understand how preservice teachers develop TPACK knowledge during teacher preparation 
program, it seems worthwhile to explore the potential of collecting data over a longer period of 
time (Chai, Koh & Tsai, 2010).  
The three journal articles tapped into the essential components surrounding the 
dissertation’s focus of preK-6 preservice teachers’ TPACK development during their teacher 
preparation program. The first article, “Preservice Teachers’ TPACK Development: A Review of 
TPACK Literature” provided an extensive literature review. Based on the analysis of the 
literatures, this article examines the development of TPACK framework with a specific focus on 
assessing preservice teachers’ TPACK development via five different research methods (self-
report, open-ended questionnaire, performance assessment, interview, and observation). Two 
themes were found from analysis result revealed the importance of technology integration 
modeling and challenge of observing integrated knowledge domains (TCK, TPK). 
The second article, “Examination of Preservice Teachers’ Development of Technological 
Pedagogical Content Knowledge (TPACK) After Completing Content Methodology Courses” 
actively explored preK-6 preservice teachers’ development of technological pedagogical content 
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knowledge (TPACK) through triangulated assessments (i.e., survey, interviews and open-ended 
questions) after completing a series of required content methodology courses (required in 
literacy, math, social studies and science). Findings revealed that the methodology courses play a 
critical role in developing preservice teachers’ knowledge in content and pedagogy. Lack of 
support for technology integration in field classrooms and various degree of TPACK 
incorporated in different method courses may result in preservice teachers’ decrease of 
technology knowledge (TK), technology content knowledge (TCK), technology pedagogy 
knowledge (TPK) and TPACK domains. 
In the third article, “A PreK-6 Preservice Teacher’s Journey to TPACK: A Case Study” 
utilized case study approach to investigate how prepared a preservice teacher is to use 
technology within literacy content instruction during a practicum experience. Findings affirmed 
the participating preservice teacher was able to meaningfully integrate technology in her 
practicum teachings with characteristics from all seven TPACK domains identified. It was also 
realized that positive technology integration scaffolding from course instructors or supervising 
teachers and course content consistency might play an important role in preservice teachers’ 
TPACK development. 
The three articles provided an analysis of the relevant literature and thoroughly explored 
the research questions that were posed. A thorough data analysis provided evidence regarding the 
impact of teacher preparation program experience on preservice teachers’ TPACK development. 
In general, main conclusions can be drawn from this study. These include the following: 
technology integration modeling or scaffolding from teacher preparation program instructors and 
field instructors can enhance preservice teachers’ overall TPACK development, the need of 
continuing longitudinal study to keep track of preservice teachers’ TPACK development during 
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teacher preparation program, and close relationship of pedagogical-related knowledge 
development and methodology courses. Method courses provide the opportunity for preservice 
teachers to learn more about content-specific pedagogical approaches and teach in real 
classrooms. This study was able to shed some lights to reflect preservice teachers’ growth in 
various areas. 
 
Recommendations for Future Research  
This dissertation provided a starting point for future educational research that explore 
TPACK measurement, teacher preparation program, and how they relate to preK-6 preservice 
teachers’ development of TPACK. Some possible future studies could continue to track 
preservice teachers’ TPACK development during their teacher preparation journey. This 
dissertation made the attempt to track preservice teachers from introductory technology course to 
practicum experience. It will be worthwhile to extend this effort to monitor preservice teachers’ 
complete TPACK development until the end of student teaching. This type of longitudinal 
research effort will provide an opportunity for teacher preparation programs to evaluate how well 
they incorporate TPACK framework to prepare preservice teachers to teach with technology. 
Also, further research could continue to investigate preservice teachers’ TPACK characteristics 
by classroom observations. An attempt was made in this dissertation to further analyze one 
preservice teacher’s case, but more cases will need to be done to help researchers to triangulate 
observed characteristics with self-report data. Another topic that could be explored is the 
comparison between preservice teachers with learning technologies minor and preservice 
teachers without learning technologies minor. Because of the focus on course requirement in 
technology, it may be interesting to see if the extra course requirement may generate impact on 
preservice teachers’ TPACK development.  
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Through the analysis of the literature and an in-depth exploration, the components 
essential and necessary in promoting preservice teachers’ TPACK development were discovered. 
Future educational professionals, and other researchers can incorporate the findings and methods 
into their own research designs. This dissertation is only the beginning of my investigation into 
the TPACK incorporation into preK-6 teacher preparation program.  
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